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PREFACK 

Books spooial anil general on Mirgioal topiea exist in large iiuinlx'rs. ITn- 
lc«8, therefore, in offering this work to the nieilieal profession, something inoro 
gencrallv nsefiil can Ik* produeetl. it has no exeusi' for In'ing, and in tho. follow¬ 
ing paragraphs I will demonstrate this assertion. 

The entire Held of snrgieal treatment is eovered, lK*th o|H*rative and non- 
operative. 'I'he indieations. and eontra indications, for and against snrgiejil 
procednres, are earefiillv elalM)rated. 

After-care, pistoperative eoniplications and |K>stojH*rative operations are 
given verv fnllv and desi^rilK* the very latest advances, and 1 Ik'Hovc that sev¬ 
eral desirable objcH-ts have lK*en attained. 

Aseptic operative t(*chnic constitutes natnrallv the bulk of the work and is 
invaluable and eniinentlv practicable. 

It often hapiK-ns, more c‘S|K*eiall.v in the eonntrv and in the smaller towns, 
that the family physician is left in charge of the ease after operation. 'I'lieHO 
chapters give exactly the information he may !ieed iinder such conditions. Tho 
methods dc8<*ribed are those accepted as the Iwst by the profession at large. In 
addition thereto many new methods are hi*re offered to the profession for tho 
first time. I'hese an* original with the contributors to this work. 

The work was j)lanned by seh*<'ting as contributors men who lived in 
Greater New York City exclusively. 'I'hc majority of these men have boon 
as.«>ciated with me in hospital work; their ideas, methoda and capabilities are 
well know'll to me. 'I'liey are nearly all comparatively young men, who, though 
old enough to have had large experietice, have still ubiiudaut enthusiaHiii. They 
were selected Ikk'busc of s]M*cial fitness to-w.ritc on sona lular topic in 

which each was espei'ially interested, cxjwriehei-d'awrffimu 

The book contains the very lust word orr miT^ieul fheranttl and its aim 
is to tell in a practical and accessible form WllAT TO DO Ai\D HOW TO 
DO IT. 

It will be noted that overlapping oceurs in some sections. Such overlapping 
is largely intentional on my part, and ocrurs chiefly where new and original 
methods of technic have lieen devised by the authors and where each method is 
good ; but where a difference of opinion and a ehoiw are entirely pennissible, I 
think that such different viewpoints arc a desirable addition to the work. 
Diagnosis and pathology have, for the most part, been omitted- The two 
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PREFACE 


chapters on the X-ray diagnosis of the alimentary and urinary tracts are intro¬ 
duced because they are so important and contain so much not yet known to the 
greater number of the profession. 

The illustrations are with few exceptions line drawings, most of them orig¬ 
inal. A large proportion'^ were made from sketches of actual operations on the 
living body or upon the cadaver, showing what is actually visible during opera¬ 
tive work, and not what may be imagined. 

I desire to thank the contributors to “Operative Tlicra|X5usis” for their cor¬ 
dial and enthusiastic coiiperation with n>e in the effort to have the book ready 
for publication at the earliest possible moment. Many'of the articles are really 
exhaustive monographs covering every phase of the topic treated, and several 
might well have appeared as separate works. 

Alexandku Bbyan Johnson. 
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niAlTKII T 

ASKPTK' HriNiH-AI- TICi’llNlO 

IIoWAIil) I). ( 

The tlisoovon' nf flio cmisos of siireicitl iiitVcl'miin niitl the monns of wm- 
bntinj!; ami cliiiiinatiiiir flioir activities lias (Imic inorc to widen the wojio of 
flurfierv than aiiv other factor. The ancients <-eilainly a])]treeiate(l that, the 
(lifToronee.s In'tween clean ami nm-lean healini: wen* hron^flit ahont hy Hoino 
definite aficnts; hnf siiper.'tition played so prominent a ))arf in llieir heliefn that 
a.s often as not their efforts to overcome wound infections were dirc'etcai to 
aasnapiiif' the aiifier of some malii:n deity. Nexantheless, a few ancient arnl 
medieval anr^eons learned hy «‘.\perien<-e that in many cases tlnnr patients 
promptly healed if the snrocon ahstaineil from too aidive treatincnit of tho 
wonmi.s. Others, irropini: in the dark, n.sed one medi<-nment after another, 
charm after charm, hoping that each would jirove to he tlie loiif'sonjrht [)nnacea. 
Th(!.so two frroni)s were lh(^ forerunm-rs of aseplii- and antiseptic, followers. Not 
until 1S71, nmler the ]e:ideiship of l.ord Lister, were, the eans4‘H of wonml in- 
fcetiinis ni)prc'eiate(l am! methods initiate<| for ndief. Sinco Lister’.s time onr 
knowhal^re alonii thc.se lines has Icajcd with iHUinds until today we fesd that a 
lar^ part of the snhjis-t has Is-en inastereil. Seimice, Imwever, is infinite, and 
the years to conn! may jtrove ns to Ik- to-ihiy, only at tin; threshold of onr knowl- 
edfre of repair. 

The march of time will, in a few years, all fmi soon, eliminate from the Hold 
of aetivc .snrfiieal emh-avor those nni.sters of tludr art who, trained in their sub¬ 
ject in the prea.sejitic days, lived lonir eiionirli t«i se«’ the new era, take advantage 
of its knowUslge an<l jKTfeet fhem.selvw in the new methods. They arc indeed 
masters of surgery, for in their early years they lenrmal to treat wounds with 
respect and con,serve the eiu’rgy of their patients. Witlioiit the adjuncts of tho 
laboratory and X-ray they trained their powers of logical reasoning, their 
sense of touch and respect for tlie damage they could do. With such an equip¬ 
ment it is not strange that they should stand out so preiitnincntly when all tho 
new magic was put at their disposal, 
s 
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ASEPTIC SURGICAL TECHNIC 


AGENTS OF INFECTION 

The varieties of Htr(ipt(K;o«M aiifl stsiphyloctK-oi with their protean mani¬ 
festations are the coininoiiest causes of surfjical infection, but it must be borne 
in mind that a host of other fferins may be intnxluced into wounds so as to inter¬ 
fere with aseptic results, sueli as tid)erele bacilli, Spirocluetic pallidic, gas- 
producing bacilli, jn'ocyaiuius, anthrax, etc. 'I’lie most resistant of these causes 
of infection arc the spores of anthrax, and such agents as will destroy the 
anthrax spores will jjroduec cotiij»lct<! annibilation of all other jjathogenic 
forms. 


SOURCES OF INFECTION 

Lord Lister ascribetl the main soure(' of infection to the germ-laden 
air and directed his principal attenlion to the antiseptic action of a 
spray of carlnjlio acid so as to sterilize the air ahont the li(>hl of opera¬ 
tion. At present W(! regard the air to he of hnt little moinent as a 
8(Jurco of infection, and s<'(!k to nnnove or destroy the germs at such 
points where tliey may already have* foinnl lodgment. 'I'he germs of in¬ 
fection l()(lg(! in the skin of tin' patiemt. the hands of tin* surgeon, in 
clotliiug, instruments, wea[)ons, and the earth itself, so that traumatic 
wounds, cither accidental or intcmtional, are prom* to infection unless the 
inflicting objects are sterile, or means are j)romptly taken to render 
inert the germs iutnaluced. 


METHODS OF PREVENTION AND COUNTERACTION 

Schimmelhuseh fonuulated a list of the means to prevent and counteract 
surgical infe<*,tiou, whi«*h was as follows: 

1. Mechanical means 

2. Oerniieiflal agents, heat and chemicals 

3. Agents that arrest bacterial growth within the body 

4. Agents directed against ptomain products 

5. Agents iuercasiug bodily resistance 

The last three methods imply that iuLvtion already exists and so their cm- 
plojnnent would l)c strictly ant The ideal condition we .stvk is a.sc/).m, 
and this can only he obtained by complete .sterilization In’fore the wound is made, 
80 wo must direct our attention to the fir.st two methods. The handling of 
infected wounds and general infection is fully covered in another chapter of this 
work. 



METHODS OF TltEVENTIOX AND CODNTEKACTION 8 


MECHANICAL MEANS OF STERILIZATION 

Mtx-luinii-al iiioatiis an* uncertain, but lln*v ."jliniild In* «nir Hrst stop ttnvard 
8t(‘rili/.atioii and an* In-st accomplislii-il bv tlu* vifiuroiis U8«> i»f aimp. lint water, 
and snndibinjt brush nr ninth. .\11 artinlns inl(*iidi*d for siirffinal work which 
will lint Ik* injured bv .xiieh a jinK-ediin* slimild Ik* llnirniiiihlv wniblKKl with 
lilK*nil applieatiniis nf ^nap and lint water In reiiin\i* jtalpabh* dirt, fjn>iHM\ etc. 
Iii.'striinients, riililK*r f;^Kld^. jthisswan*. siirm'nn's hands and patient's skin sliould 
all Ikj so treated. 

QERMICIDAL AOENTS 

Heat. -Heat i.s th<* innst valuable nf all niir sieriiiieiilal agents, and wher¬ 
ever jin.'i.'^ible slauild Ik* tla* aueiit emplnved. r»nilini; in <*leaii watc'r is the Ik'sI 
form nf heat avaihihh*. fnr iKiilin^ water will di*>lrnv anthrax sj)nn*s in two 
niiniite.x. .\(*.\t to iKiilini: water enmes live ‘•team bv live steam W(* mean siitii- 
ratf-d nr air tree .steam vvhieh mav be ii-ed at imnnal ])re.s,siire, nr lK*tter yet if 
sii|i('rheated, i. e.. under inerea-ed pressun* (7'^* Kilns nr I.'i pounds, twice the 
iinriiial atinnspherie jire'<ur(*. rai>es steam In 1 J 1 ( nr ti.’iO ’ F. ). Steam tin- 

d(*r such a pri'ssiire will enter till erev iei*s and interstices nf );aii/e, enttnii elnth- 
ilifr, ete., unless ihev he enitipre>-ed verv tiiihtly. l.ive steiiiil destrnvs iinthrilX 
spores in !.'• minutes nr less. 

HOT Allt. lint air at 1 !<• (m hi;;her is a fairly vahnihle sterilizer, Imt 

reipiire.s alHUit .‘1 hniiis tn Kill anthrax spores. 

(’ATTKItV. riie actual <auterv is positive as a ^ermic*ide, but nf e.^airso 
d(*.stnietiV(* to li.ssue. .\n uia'lean surface, as an ul<*i*r fnr example, may Iki ren¬ 
dered enmpletely sterile by its U'C. allhom:h, nf eoiirsi*, at the exjK*n.s«» nf all tho 
8U|X’rfieial tissue. 

Careful study of the results nf sterilization by bniliiifr nr Hteaiii four most 
eflieient ni(*an.si has shown that the nnliiiarv pathooeiiii* biieteria, as w«*ll as 
anthrax spores, are dr-stroyed iu a short time, but eiillures imulr* of the str*rili/,ed 
ohjc*<*fs at the end of - 1 hours have often shown tin* ilevelopment nf isnhiteil and 
attenuated frrnwtlis nf .s|inres whose «*tTeet on the body has not Is'eii determined. 
That th(*se sjinres are probably barmh sH is jirnved by the nearly uniform HHf*pHiH 
of vvoiind.s where reliaiiee has be» n placed on the ordinary priK*esseH of sterili/.a- 
tinn of siir^jieal materials by bniliii'r and steam. .\'evertheh*ss, ns Iniiji; as any 
dcvolopment dix*s take place*, the mat»’rial cannot be ennHidt*r(*<l perfrH*tly sterile 
in a strict seientitie .seu'C. I n r<*nder m.-iterials absnlut(*ly ficrin-free it is nrxxts- 
sary to .submit them to fractional iteriliaation. This consists in Hubjitctirif' tho 
materials, cat;rut, ^'aiize, etr*.. to three, four nr even five separate iKiiliiifjB or 
impregnations with .«teani at intervals c>f 2} hours. This methorl renders surgi¬ 
cal supplies ab.sftliitely gerni-fr**(*, but is a n*rtnement hardly cnlle<l ftir in order 
to destroy the n*cogtii/ed inf(*etif)us bacteria. 

Cheaiicals.—ChemicaKs are in many iirstanees active germicidal agtmts and 
form a valuable armamentarium in our aim for atw^psis. Nf> chemicals can com- 
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pare with lH)iliiig or live steam for efiiciency, hut much of our material will not 
Buhtnit to boiling or steam, ami so j»orforce wc must res(»rt to chemicals. The 
lists suggested as being active? germicides are appalling, and gradually the sur¬ 
gical world is confining itself more and more to a few of the highly recognized 
genuicidal chemicals. 

BfCIlLOKlU OF MPJliClIUY. —At the top of the list should 1)0 placed bichlorid 
of mercury. This chemical, in strengths of 1: :if)(),0t)(), checks hut does not de¬ 
stroy growths of anthrax spores. I'sed in strengths of 1: 1,000 it is a most 
valuable agent for stcrilizitig gla.ssware, rid)h(‘r goods, etc., if the articles are 
free from gr(>a.se and allowed to remain immerstid in the solution for a sulfi- 
ciciitly long time - one hour. Ev( ii under these conditions anthrax spores arc 
not destroyed. Hiehlorid of im-nmrv .solution has hut litth; power to penetrate 
unbroken skin unl(;ss appliol for a long time, and .so is of no ii.se in destroying 
bacteria underlying the more superficial skin layt'is. Hiehlorid of mercury oil 
raw surfaces forms an alhimiiuate of mercury, coating which is a serious bar¬ 
rier to further activity of the drug, and the di'struction of la'althv surface cells 
is of more harm than th(! value of its aiiplication. I'.nt little reliability should 
be placed on its use for sterilization of the patient’s skin or surgism’s hands. 
Hiehlorid of mercury should not he emiiloyed in sterilizing metal instruments, 
as it is destructive to the metal itself. 

CAHUOLIO A(!ll). —(^irholic acid was the mainstay of tin' early days of anti- 
Bopsis, and in strimgths of 1: t!t) to 1: 10 is germicidal for most iiathogcnio 
orgaiiisms, but not for spore.s. in greater strengths it is highly injurious to the 
tissues of the body. It presents one advantage over hiehlorid of mcrcurv in that 
it is not destrm'tive to metal instruim>nts. .\s an application to the .skin it is 
decidedly superior to hiehlorid of mercury, owing to its incri'ascd permeability 
of unbroken skin, but tlu' wi'jik solutions necessary for safety arc ,so mildly 
antiseptic ns to render it but of slight value. I.ysol, creoliu ami other 
coal-tar products act in a similar manner to carbolic acid, but arc less daii- 
gorous. 

lOUlN. —lodin (in tincture) has a jmwcrful gcrmiciilal action, and has in 
the last few years attaiiUHl great amt deserveti popularity as au agent for steriliz¬ 
ing tho skin, catgut, etc. 

POTASSIUM I’EltMANOANATK. — Potassium permaugaiiatc (1 : 20) is a good 
sterilizer of skin, but its stain is deep ami fairly lasting, requiring dccoloriza- 
tioii by a saturated solution of o.xalic acid. 

lODOFOH.M. —Iodoform, it is claimed, has a specific action in arrc.sting tu¬ 
bercle bacilli growths and .stimulating the tissues. Its objectionablo odor and 
poisonous properties counteract its value to some extent. 

ALCOHOL.— Alcohol (!).*) per cent.) is a valuable destroyer of the ordinary 
bacteria of infoi'tion, but of little value against sjwres. It has great efficacy, 
however, ns a stimulating and soothing dressing, preferably when used in 
strengths of 50 to (iO per eciit. 
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FORMALDF.IIYI) GAS. I''orm:iI«li‘h>.l i;as is a inmvrftil (lisinf<y't!int and ia 
cxt<Mi.si\i‘I\ vi>«m 1 i'<ir tlisiiifcviiiii; i-liitliinu, i'immii'. cli'. 'I'liis iias is tlio Is'st 
known for .siorili/ini: /iin- o.\i«l adlio'ivf |>las(i r an<l uiiUa |H'rcha tisaiu'. An 
a(|iKsnis solution ( Id vol-. nl' i:.is) is a \alualili* liisiiiUs’laul but irritating to tlio 
liviiiiT tissui s. 

In aiblition to tin* cliciiiii’als alrcatlv uu-utioiusl, tin* list couiil 1 h' j'roiitlv 
pxtfiuloil by luoiitioniiu: oilier. b\ilioi;ou poroxiil. Itorio aoiil, aoolati' of nlti- 
niiiiuiu, salt solution, ot<\ all obniiioals |M»s< ssiuf: luoro or loss iiotivo ^■nui- 
oidal ]iro]u'rti<'s. 

d bo solootiou of Olio or iiiort' of ibo iu<li\ Idiial ilruas luoutiouoil in tlio fon*- 
fToino list i-i bi”bly |iro|ior for tbo tioatiiioiil o| infoolotl wounds. Praotioally. 
but litflo roliaiioo i" plaood on iiio-l of tliom to da\ for tbo ]uirp<»so of rou- 
doriiiir asoptio tbo lioM aiul appliauoo-> for a iiiodorn -iiryioal opoiatioii. 

’I lioir iinlioatioii> and ii-o- in liic i ro.itiiioiil of iiifoolod wounds will lx* 
taki'ii up in its propor pl.ioo, and siu-li of tin- oliomioaU uscil in llio pr«>jtiiratorv 
stag's of oporalivo priMcdiiro uill Iw di-oiis-od in dolail wlion oallod for. 

SUTURE MATERIAL 

Tlio sufoiviii sbould boar in mind tliat siilnros onl\ sorvo to bold in apposi¬ 
tion tlui tissui's of tbo bod\ until siiob linio as ai’uhit inal ion of tbo lissuos tlioin- 
solves is sullioiont I\ si tony l<i bold tbo p.irl' loL'otbor willioiil daiinor of disrup¬ 
tion by niusonbir rolraotion or prossuro from wilbin or wilboul until ooiuplotn 
oontiiiuity or boaliny ba- ooonrrod. 

It is iinpo-"iblo for an\ '■iiliiro to bold tin- parts, bo tbov skin, fascia, luusidrt 
or Imuio, toLK'ibor for an\ lonatli of time in ibo pvi--ono(‘ of rotraoliiui unless 
ayyiutinatloll lakes pbioo ; tor wilbonl adbo'-ion of ibo opposed surfaces and in 
the prosonoo of traolion. ibo siiinro is boiiml lo onl ibi'ouyb in tmio and lliiis 
vitiati’ its purpose. 

Xbiw tbo lonytli <d' time roipiirod for a::"lulinalion and lioaliny in bi’ ai'oom- 
plishod, and in its ab>onoo or dobi\ fin- linio roipiirod for a suture fo out its way 
tliroiiyli tin* tissno~. is a \ ariablo and diliionl||\ doiorniinablo faofor; and in our 
.soloi-tioii of inatorial. si/o ami inotbod of applioation of fbo Hiiluro material wo 
liiiist Ix! yuidoil bv ibo boaliny foroo ot tin- paiiont, ibo obaraoli'r of tbo fissuos 
and the strain fo wliioli tboy will bo .subjootod duriny repair. 

It the foroL'oiny proposilion bo aooeplod as a fact, ibo corollary to it will 
have to lie eouoeiled ; namely, our siifiiro sbould Ik* of snob a size and strenyfli 
and so plaee<l as to .serve only until aL^yliitiiiafion and rejiair be well establiHbed 
and by its fineni.'s.s ami sniootbness be as little irritafiny as jiossible and, furtber- 
inore, when its pur])ose, Ik; aecoinpli.sbed, that it disapjxair either liy absorption 
or removal. 

It is a ennunon jiraofioe, w}iic*h the writer deiiris-ati-s, to use vi-ry loim'-la-litiy or 
non-absorbnblo suture material willi the. elniiii that, “the itatieiit’s tixsiies may dray on 
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those suturM for a lifetime without flanker of the sutures breaking.” If repair of the 
parts does not occur the sutures are hound to cut through, and that is equivalent to 
their rupture. It is al>surd to repair a liernia or a fra«-turf'd patella with silver wire, 
basing our hope of a ('ure on the wire not breaking and that the resistance to muscular 
traction will be transmitted for all titne through tlie wire. The use of heavy non- 
absorbablo material, if it servo the purpose until rei)air is eomi)leto and then when 
properly buried cause no irritation, is right enough; but how much more ideal the 
conditioti, if after the suture has served its purpose, it be reinovctl. 

Catgut.—Of all RTitiirc material at our disposal, eattoit to-day pre-sents tho 
noarost to tho ideal. It may lx* had in any size from hut littlo coarser than hair¬ 
line thiokncHH to u heavy .strand. Its stn'ugtli is very ^rcat, its period of 
absorption ha-stoned or delayed by iiu-tluxls of pre])aratioii, and what is most 
important, it can bo completely .steriliz<!d. 

PREPARATION OF tJATOtIT.— (’atgnt is ohtaiiuxl from tho anhmncoaa of the 
small intestine of tho sheep wliicdi has Ix-en mneerated and treated .so a.s to de¬ 
stroy tho serons and nmeons layers. 'I’lio gut is tlien ‘‘spun” into .strands of 
various sizes and leng-ths. As it cf)mes from th(» manufacturer the; ^ut is strong, 
soft and pliable, but liighly iiibx-ted with <*ouutless baetcuia. I'lie first sta^e in 
its anr|rical preparation is to wasli and .soak tlio g:ut in t'llier for ‘J 1 hours to 
remove the grea.se, ct<!. After tlii.s a nuiuber of ditTercuit procedures have Ix'cn 
devised of wlu'eh tlu! oldest, and theoretically tlic most ideal, uietluxl was to boil 
tho gut for half an hour. W'ater, as the .solutimi in whi<-li to boil the gut, was of 
course out of tlic (pu'stion, for water turned the material into a gelatinous pulp. 
Alcohol docs not dc^stroy tlic cliaractcr of the gut, but tho boiling point of alcohol 
is too low to be uf u.so in destroying many forms of baetc'ria. 'I he plan then 
used was to boil the gut iii alcohol under {)ressure sulliciently groat to raise 
supposedly tho boiling point of tlio alcohol to that of water. This method re¬ 
quired a eonii)licat(‘d apparatus, and was «‘.\|x>nsive and dangerous, owing to the 
highly inflammable (piality of alcohol. In practice it is found that even the best 
appliances fail to raise tlic boiling point of alcohol to that of water (100° 
Furthermore, the absolute alcohol of commerce contains •'j per cent, of water, 
and imless infinite pains bo taken in the manipulation, the alcohol readily picks 
up ViJ to 1 por cent. This amount interferes with the reliability of the gut as 
to strength, consistency, etc. 

CiTMoi, ^iKi'iion.—The cumol method consists in heating the gut in a bath 
of cumol. Cumol is a highly inthmminble but non-explosive hydrocarlwn with 
a boiling point of 170° (’’. The ertmol is heated in a vessel standing in a sand 
bath to a point just short of boiling and tho catgut, previously thoroughly' dried, 
is put into the cumol. The gut is kept for one hour in the cumol at lG.o° C., 
when it is ready for u.sc and may lie stored in jars of sterile alcohol. There is 
no question but that catgut can bo reudcrotl absolntely' sterile by this iftethod; 
but the preservation of the gut in a sterile condition re<]uires considerable care 
and is subject to easily committed errors in technic. It is customary to store 
tho gut in jars of sterile absolute alcohol. It has already IxK'n ]X)inted out that 
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under these ot^nditions t)ie aledhol easily al»s<ir!«» water and tKiia intorferoa with 
the value of the eatpit. The removal of a s|HKd of gut fW)m time to tiiiio from 
a general reservoir is ha/anlons I'naii the staindpoiut of asi'psis. • 

The large eommereiiil jmrvevors of !«urgieal suj)plies luive adopted tlio cus¬ 
tom of furnishing eatgut sterili/ed hv the eiimol method in herinetieally aualod 
glass tula’s tilled with stt'rile :il»oluie ali-ohol. Kaeh tida* eontains only a few 
feet of gnt, and thus the amount wa-ted at an ojteration is hnt snniTI. Tlio 
glass tubes may l)e and should Ik‘ boiled iti water at the time of the <ijH*ration, 
80 as to remb'r tlie ont.'idc* ot tin* gla-.s tidn* sterile. ]>**rniitting of its being hate 
(lied for the pnr]>ose ol ojumiiig b\ sterile bands, (’atgnt so pr<>pan‘il by rtv 
liable eommereial hon<cs cmu Ik* :d>solntel( dcpeiuleil upon to 1 h- as nearlv uni- 
fnrinlv stiudh' and id prnjx'r .-treiigtli as oiuild Is* ih'sired. 

The nu'chanicol a|>pliaMres for prejiaring and pn'st'rving tin* eatgnt by tho 
h1siv(* d(*.seribed niellinds an* (no oomplirati'd to n'luliT tlii*m praetieal for use on 
a small .scale*. I o overcome llie.si* dillieulties tin* preparation of gnt bv tin' iodiii 
metliod was devised. 

lonrx ^Mki'iioo.—S(> v<*ral melliods of priK-edure lia\'e b('<*n siiggesb'il, Ono 
of the (*arli<*st and .simplest was that of ('lamliiis, wliieli eonsisls in imnn'rsing 
the eatgnt for eight days in an atpieoiis solution id iodin and potassinm iodid 
(1 p<*r ('('lit. ot I'aelil. \ iirioiis mmlilicalions of this method have? Iteeti 
adopted, several ol which are a eomhiiialion of slerili-'iiig the eatgnt in a hlaiid 
oil (allsil(‘iie or eiimol ) with a high hulling |»oiii1. and lh<*n storing tins gtit 
in an iodin fineinre. ( 1 his is praelif-ally ihe enmol m(‘thod jtlim iodin 
storage.) 

Ifo.si'heowitz lias originaleil the iiietliod of sterilizing the cntgiit. (previously 
wnrini’il to drive olT all iiioisiun ) iii a ."i per •eiil. aleoliolii- solution of iodin. 'I'he gut 
is left in till* tmetnre for tivi' d.ix-. tlnii drnd in a sterilr* towel iiiiil stored ilr.v in a 
sterili* jar. Jioselicowitz hits i-hown a •.< rn-s of ingenious expi'rinieiits that eiitgiit 
.*»<) prepared is not only sterile m its,If. l,nt cheeks .all growths in its vicinity when 
placer! on nrtitieiidl.v contiinmiiited culiore media l-'or over si.x .years eatgnt so pre- 
pnretl has bc'cii nsisl e.xtcnsivciy at the .Mount Sinai llosiiital. New ^’ork dit.y, with 
most excellent result'. 'Ihe 'implii it>, chi .ipne's and proveil results call for tho 
heartiest conuiieiidation of .Aloschcowitz's method. 

In addition to flu* fon*going methods, eatgnt lias )h*i*ii prepared hy steriliza¬ 
tion in formalin, hiehlorid of mereiirv, silv(*r salts, etc. 'I'liese method.s present 
no advantages over the eumol <jr iodin jinM*ess(*H. 

Chro.mici/.kp (’.t rot r.- .Many surgeons feel that tlu; life of u strand of eat¬ 
gut buried in living tissue is fisi short to fulfill tin* jmrpose for which th(* stitiiro 
or ligature is intended, and so the gnt should Is* freat(*d in stieli a way as to 
lengthen its periixl of ahsorption. d'his is Is'.st done hy soaking tho gtit for 24 
hours in a 4 per cent. a<pi(*ons sidtition of ehromie acid, which raises the time 
of absorption of tlio gut by 10 to 20 duy.s or even longer. The gnt so treated 
is sterilized in the usual way (moist heat in eumol, alboh.*ne, etc.). Tho iodiu 
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method in itself renders the catj^it less absorbable than plain f^t, and so it is 
not usual to ebroiniidze gut that is sterilized by the iodin prfxicss. 

Kangaroo Tendon. —Kangaroo tend*»ii is another suture material derived 
from animal tissue and behaves in the .same way as eatgut, but is less readily ah- 
Borbdble and has greater tensile stretigth. It is prepared in the same way as 
catgut. 

Silkwonn-Out. —This is prepareil from the eontents of the silk sacs of the 
silkworm. It is a fine, pearly white; strand, very s])ringy like tine steel wire, 
non-irritating but non absorbable. It is very ])oj)uliir as a lirm tension suture to 
pass through and roughly ap[)ro5cimale several layers of tissue', but she)uld never 
bo burieel. Silkweirm-gut is sterilizesl by shuply boiling in water. It must bo 
used In ji wet stiito. 

Silk. —'I'lie prealuet eif the aetivitie's e>f the; silkworm is the olelest e)f all suture 
material, (^eemme'.reially it is obtaine-el in long strands of various thieknesses, 
either twisted e)r braielesi, ble-aebe-el eer dye-d black. Silk is soft ami j)liid)lo ami 
its knots se;Ielom slij). It is non-al)sorliable‘ and shouhi ne'ver be burie'el exe*ept 
oeieusioually undeir e'eivor of the; pe'ritone'um. Silk is ste;rilize'il liy l)oiling. 

Fagenstecher’s Thread. -'I’his e-emsists eef a plain line'u thre-ael tre>ated with 
colluledel. It prese'iits similar charae'te;ristie's to silk, but size* for .size is stronger, 
and owing to its e;clluIoid e-oating is smoothe-r. It is sterilized by boiling and, 
like silk, it slioulel not be; buriesl e'xe'e|)t in the> pe-ritoneum. 

Silver Wire.— -Made; from eerdinarv “ste-rliug” silveu' or pure; silver, this is 
a very reliable; ne)u-id)sorbable suture and is e'xte'iisive'ly einploye'd for rete'iition 
purposes in bone wetrk. 'I'ho surge-ou .sheeuld always plan to re-move; the wire 
after it has serveel its purpose eef heddiug the parts toee'the-r until living union 
has e)eeurreel. Silve-r wire; should always be' aiim-ide-d be'fe're using, by piissiug 
through a lhmse;n eir alcolml llamo until a <!ull re-d. 'I'lie* aum-aling re-mle-rs the 
wire more pliable, le-ss lerittle-, ami at the; .same- time tlioroiighly ste-rilizes it. If 
the wire has be;en previemsly anueah'el it may be' sterilize-d by boiling. 

Alaminum Alloys.— .\lumiuum is known to bo absorbe-d in time' by the tis¬ 
sues, ami aluminum eer various alloys eif aluminum are use-d as substitutes for 
silver wire. 1’he; uiu'e-rtaiuty of the* time* of absor[)tion is so gre-at as to inte-rfe-re 
with their usofulm-ss. Aluminum ami its alloy wire's are sterilizeil by Iwiliug. 


DRESSINaS 

Material for surgical dressings .should be capable of freely absorbing exu¬ 
dates and diachargi's from weuiuels, and In; ejisily ami perfe’ctly sterilized. 
Gauze or “e'hee'se cloth’’ fiillills tlu'se e'eemlitions atlmirably. ('he'ose cloth, as 
furnisheel from the cotton mills, ceuiu's in lengths of about fifty yarels by one 
yard wiele. Its liuem-ss or e-eear-sem-ss varie-s in ae'ceirelane'c with the' numlK:r e)f 
threaels te) the inch- the intermeeliate numlH'rs Ix-ing Ix'.st .suited to ewdinary 
surgical work, (''heese cloth in its pi-eparation at the mill is usually submitted 
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to a process of “siziui:” or coatiiij: with a solution of starcli, which ijitcrfcres 
*Berioush' witli the ahsorhciit [mwers of the material. 'I'o fn'e the ^hmIs from 
the sizing it is nei-essarv to Imil ilie eintli in a 1 ja'r larnt. st>lulion of sodium 
earlnHiate. I'ln* maiuifaetiirers of surgical >u)i|ili«'s fiiniisli gaii/t' friH' from 
sizing in various si/ed )>.i<k.iL*es heriiulii-a!l\ sealid and already slt>riliz,ial. 
t!an/a* so furnished can l>e di-peiidetl upon with reasonalde eontideiua', Inil it is 
much safer to resterilize gauze before use. 

Gauze, (ianze is l>e't .‘•terili/ed lo .'iipi iIn aled st«‘ain for tliirtv niinnft‘s in 
an ant(H‘la\a‘, and .should he >nl)jeoted to frai tioual ."terilization (J or II steri 
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lizations at interval.' of l’1 hont'). 'I ln- loi hnir j-> as follow.^: 'I'lie gauze 
is cut and foldecl into .'(piare- o( .suilahle .'i/c and plai-t i! in metal cvlmders or 
lK)Xes whieli are so de'i"iied a* to h:i\c pi-rlor.-il mns in llie loj) and Itollom to 
jKJrinit the free j)as;'aL'e <d’ the .'team lliiouL;h the material; fiirliiermore, tin: 
receptacles an* ei|uippe(! with .'iiding conci-', \shi<-h when slij»|)e<l into phnre 
tightly ciiver (»ver thi' pi’rforationi and ]ire\ent contamination of the gauze 
during .storage, ('aiition 'iioiild Im* e.xer<i'cd in packing the gauze in the boxes 
before sterilization not to eninpress the gauze lightl\, as this interferes with the 
rcn<ly flow of the >teani. 

1 have gauze cut. and folded in the fidlowing .s|ia|»es for various uses: 
fianze liandker<diief', about 1 \ard .'ipnin’ ami llulTed up; wpiatxw about 1 by 
t) inches of •} fhiekne"esof tobled gau/<'; abdominal .ipoiigr* pads 1 foot s<piar<i 
of 4 to G thieknevses witli theedgea .stilehr-d together and a niei-e of taja; tJ ine.hes 
long sewed to one eorner; “leg roll.V G inehes wiile, 2 yards long, of <; layers of 
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^niizo; narrow drainage strips from to 1 inch wide of various lengths and 2 
to 4 thicknesses; sponge pads 2 hy 2 4 hy 4 inches of 4 thicknesses. In* 

folding the gauze to tnakt; these various siz(sl pads great care must be taken 
to so enfold the “raw” edges of gauze that these edges are placed in the center 
of the pad so as to prevent shreds entering the wound. 

The assortUHMit of pads is packed in nu'tal boxes or cylinders, as already 
described, or j)ut into large tow(4s .so folded over and pinned as to practically 
seal the package from tlie air at normal |»ressure. Tin; whole is steriliz(xl in an 
autfudave. | The paekag(;s may ho further covered with paraffin paper.— 
EnrroK.] 

Cotton. --(Cotton is an iiidispeusahle memher of our list of 8nrgil“al dress¬ 
ings. It is fiiniislusl ♦•idler as noii-aliserhcnt cotton, which is the raw cotton 
cleansed aJid heati-n and then rollei! into tlat sheets about I inch thick and 18 
• inches wide, or as ahsorhent cotton, which is the same as the other, only bleached 
and fretal from oil. Non-absorbent cotto?i is tnor{> H|)ringv and, being non- 
aksorbent, does not become mattisl when wet, and is of great value under sjilints. 

Absorbent cotton, as its name implies, is cajiable of rctaitiinga great amount 
of moisture, and is of inestimable vahu! in absorbing pus, blood, and other dis- 
ehargoft. 

(k)tton is sterilized by stc'am in the saim* maniu'r as gauze. In using ab- 
Borbent cotton as a surgical dn'ssing it is not a good ])lan to put tlu? cotton next 
to the wound, but sevi'ral thickness(*s of gauze* should intervene. Flat sheets of 
cotton about one foot snuare put into a “pillow case” of gauze is a practical 
way to use it for a dressing. 

Lamb's wool, moss, oaknm, felt, etc., bavi' their advocates as outside dress¬ 
ings. Some of these substances are abswrlsuif and can be used in extensively 
discharging wounds. Others are springy and serve as execllent padding. All 
can be sterilized by dry steam heat. I hey have no advantage over cotton. 

Sponges. - Xo material is as eflicacious for ahsorbing blood and discharges 
from a wound during an operation as the natural sea sponge, but the well-nigh 
impossible task of rendering a seji sponge sterile* has led to the universal aban¬ 
donment of this niat(*rial. About tin* oidy “spong(*s” in nse to-day for surgical 
work arosipiares of gauze folded as alr«*ady d(*scribed. Little balls of absorbent 
cotton 2 inches in diameter and covered with a piece of gauze gathered at the 
top and tied with a bit of cotton thread arc used by some. 

Impregnated Gauze,- d'he |)ractic(* of antiseptic surgery called for the uso 
()f gauze impregnated with various chemicals, to be plac»*tl on or into wounds 
with tho idea that the chemicals so exhibited would serve to destroy the pntho- 
genio bacteria. In discussing on the previous ])ages tlie various clu'iiiical germi¬ 
cides the writ(*r has tried to make clear that the substances at our disposal arc 
either so irritating to the tissues of the body ns to do more hanu than gi^)d. or 
else are so feeble in their b.ietcricidal action as to l>c of little or no .avail. Tho 
U80 of impregnated gauze or dusting powders on supposedly clean wounds is a 
frank avowal of lack of faith in onc’.s asepsis. 
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Tho argument iniglit 1h' mise*! fluil. nivoii w wouml nlren<l,T septic, is it not 
& wise plan to use iinpregiintetl gaii/e to .Itsfrov (ho haeteria now manifestly 
prciicnt i Oiir answer is \es. if there 1h' a liriig eapahle of di'stroying the bac¬ 
teria whieli dot's not at (lie saim* time do harm lo ilie body cells. .My iH’lief is 
that tlie fiinciioft j>aramoniit of uau/t' j>a<ke<l into \\onmls is to absorb and im¬ 
prison the iliseharges ami to hold the v\onml ojieii and prt'vent pm-keting. As 
soon as the gauze lum reaelu'd tin' limit of it' power of absorption it should bo 
removed and frt'sh ]>aeking inlrodne«‘d. The-saturated ean/i' has n'mo\‘«*tI in its 
meshes many noxions uitiii’' and detiitns, all \m'11 l■i<i of, but tin' real struggle 
takes place bt'iieath the snrlaee ol the w.'ill- of thi' woiiml and no gx'rmieido in 
the form of antiseptic p.ieking can pein'tiale tn ihe .'•ceiu' of conllict without 
having harnu'd tlu' snperticial eell~. the very enardians on whom \vi* phicit part 
of onr reliance. It wi- n>o snch imid ■'nb>tam-e» as not to injnn' the body ix'lls, 
the bactericidal iiction is wanlinc ami im harm resnlls c'xi'i'pt that the absorbent 
power of the ganze is much dimini~hed. as many of its nn'shes ant tilled to 
occlusion hy the drmr. 

Most surgeons have' .-(sm \'(‘r\' -ati''faetor\ ve>nlts from tin' inje<'tion of 
r5e<‘k s paste' or io(lotorm wax into tnberenlon- or .simjdo snppnriitiv(> sitinst's. 
In such ('itsi's the satisfac(<ir\ re-nIts depend mit .-o mm-h on any gi'rmicidal 
action as on the ilistentioti ot the ualU ol the sinns. tints tibliterating fohls iiinl 
juM'ki'ts, ami at. (In' same time the \\a.\% pa-ti' Inini-hes a smooth snrfiice along 
which tho disclijirees readil\' run to tin' enter dre»>in;^s. 

d'he nsnal wjiy to jirejiare tnedicateil etin/e is to dip or rcdl strips of gnnzo 
of the desired size; in solntimis of selectcl strentrth of the drug, as, for example, 
bichlorid of inercnr^, Itl.noo. born' aeid satnrateci solntion, bidsam of I’eni, 
etc. 

lodtjfonn ganze is prepared a- follow-: Strips of gaiizt' tire dipped into 
and allowed to beconni thoroni.'hl\ impreenated with a mixtnre <'onsisling of 1 
part iodoform po^^•der. 'J part- L'lN<'erin. and J parts aleolnd, all ]>rc!viotisly 
sterilized. On removal tin' gan/e i- kept, in air-1 igbl sterile jars. 


BANDAOEB 

The nsnal bandages are made from nnbleai'ln'd mnslin ami from ganze in 
varying lengths ami widtli,-. .\ partii-nl'irly de-irable bamlage, but <piite c'Xften- 
sive, is made from ii tnaterial similar to an "Oxford sbirting”’ known as “mnll.” 
This bandage is uinch more pliabh' iind el;i.-li<' than the mnslin handage and 
firmer than a ganze one. Slareh hamlages art! made from “crinoline',” a cotton 
gauze of firm weight highly sized (treated with starch ). 'I’his hiimlagrt is wetted 
before appHeation, ami when drifsl oOt in place is iniich firmer than gaiizxf or 
mnslin without the ohjfs-tion of tho weight of iilaster-of-I’aris. It is an oxfX!l- 
lent bandage for scalji wonmis. 

Plaster-of-I’aris hamlatn's are inadt! by rolling ganze or crinftlim' in fine 
dental plaster, rubbing the [ilastcr well into tho meshes of the ganze. d'lie work 
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should only 1)0 done in dry woatlKsr arnl the hamla^c carefully prcscn'cd in tight 
boxes to keep the phiMter from heing air slacked. 

In applying plaster <if-l*aris dres.sings the haiidage.s arc first soaked in warm 
water and rolhtd on in tin; usual mariner. Care mii.st he taken that all bony 
prominences are well eovr-red with canton llannel or (.‘otton, frrr the amount of 
discomfort and danger that can lx; caused to a patii-nt hy the continual irrita¬ 
tion of the hard plaster fuessing on prominent points i.s considerable. Re¬ 
enforcing plaster'-of-Paris dressing is on the same principle as i-(><"-nforced con¬ 
crete. It is h(^st accomplished by inserting hetwemi tin' turns of the bandage 
very thin (1/U> to inch) strips of wood, otu! inch widr? and long enough U) 
oxtmid the length of the di-essing. 'I'he proceilni’c adds very materially to the 
Htnnigth of the dressing with lltth; adilition to its weight. (Sec al.so Vol. TI, 
Chap. III.) 

Silicate of .soda or water glass was much moi-e extensively used in former 
times than now. 'I’lie methods were either to soak bandages in a watery 

fiohition of .silicate of soda ami apply as plaster-of Paris bandages or to apply 
the bandages first ami paint over with the solution. 'I’lie objections to silicate 
of soda are its e.xtra weight over plaster-id' Paris anil tlie lengtli of time ro- 
(jiiirc'd to harden it (Jw to gM hours). 'I'he.se objections have caused its prac¬ 
tical disu.se.. 


ADHESIVB PLASTERS 

The old-fashioned moleskin plaster is to-da.v the bc'st pliustcr to nppl.v 
directly to the .skin, wlu're it is intended to allow tlie jilaster to n'lnain a long 
time, as, for example’, in Puck’.s ('xtension, but the mole.skin plaster nsjuires to 
be heated .so as to .softmi the wa.xy surfaci' before it can lie made to adhere. This 
is an obje<’tion. | Its surface ina.v be wijied with ben/in or ether. —Kniroa.] 
I’he Z, (). plaster of to da.v is ndiber plaster improved by the addition of 
zinc oxiil. It is not .so Irritating to the .skin as plain rnblier ]>laster, but more 
so than mole.skin. Z, O. plastm' can be bad in big .slieets or rolks of varying 
width. 

Caution sfioulil he c.xcrciscd in tlie too friHiucnt renewal of strips of pl.astcr over 
the saine area. Some skins are very suseeptible to irritation l>,v Z. O. nr an.v other 
jilasters, and if tlie strips be torn off every two or three ila.vs and fresli ones applied, a 
most ilistre.ssing excoriation ina.v ri-snlt. It is the writer's custom to ent the plasters 
at the point wliere the.v jiass from the skin to the ilressinirs, leaviiijr tlie skin jiortion 
nndistnrheil. and in reatipl.ving the fresh [ilaster the new piece is snperiinjvisiHl on the 
old piece still adherent to the skin. In this manner 0 or 7 la.vcrs ina.v lie foriniHl cor- 
rcspoiidiiiK to an eiinal number of dre.ssinus. After a week or 10 days the proliferation 
and desituamation of the epitholinm loosen the I'laster so that a. new foiindation must 
ho laid on the skin, but this is new .skin and not irritated hy the fri'ipient tearing off 
of the I'lnster, and so no irritation results. Another very good way to avoid frixiuent 
changes of iilaster is to afipl.v strifis of plaster to the skin on either side of the dri'ssing, 
leaving a long end to extend part way over the dressing. 'I’hi.s long end is then folded 
back on itself so as to obliterate its adhesive siirfait'. The tip is jM'rforateil and, with 
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a tape iiisert«tl tlimunh the ImliH in r.-n-li pair <>f i>lii'tir !^l^ip^*, the (Ircjisinfrs >ua,v Iw 
tiitl ill plai'O. This Mii-tii<Kl dm-'j not hol.l the ilri—iii>> iix tiriiilv ns the pniHiliiiR. 
llt'lizili (lisf^ilves the ruhher and !:• UM-fiil in « i<‘:in-inir the -kin after iisiiijf pla««ler. 

Xurmw Z. (h jiln-ler .-trip- phn-id ;»» ri"— a untiiiil 'erii' to liold il> isl^res in aiipmx- 
iniatioii nearly a> widl a.' 'titure> and are pn ferri'tl tt> >nlnre«i hy many siirmsms. 
Pluater strijis mi UmiI iiui>t lie .'terili/.»Hl. ter t!u\ innie in direet eentaei with a fnnh 
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W'lMind. TI is a II II I-f dell! il f 111 plan f e at 1 1 nipt f e n ri ti / e /, t V pla^l I t a ft it iI, is nlieii 
tiiaiiiifai’ttii'i d till' iisii,d \va,\ In me In • \pe-i i|ii pl.i-'ler fer a leii)/ lime (ti fiirmiil- 
deh\d v'a-. IJiliahle sterile -trip', lie\ve\er. may he had frnlii the m.inufuelIIrei's. 


DRAINAGE TUBES 


At one time irlnss ilniiiniee liihes wen- extensively emphiyed lieemiHrt nf 
their rijinlitv in ki'eininr >niii''es npeii and the easi* with wliieh they eotili] Imi 
sterilized. 'I’heir hritlleness tind iinyiiddine pre-siire nn the tissues Imve led to 
tlicir nhaiidonnienf. 

Kuhla-r tnlies :ire nineli more .salisfiietory :ind nitty In- used jtliiin or with 
perforations etit. into their side-, nr the tnhe niav he split len^itliwise or H}»inilly 
and n strip of ejinze laid intn the <diiinnel. 'Piilies so inserted should always 
lx? fastened tit their miter end. fer it not infnajiiently liajipens that a tiihe, unless 
so fasteneil, inav “lip int*' a lon-^ sinus and Is- teiu|iorarily lost, only to Is* ro 
covered, after nianv wer-ks of niystifyin;: ahsmieo of liealinp, hy sonir! rival 
praetitioner. 

The Cigparette Drain. '^I'lte seealleil ‘Viirandte” drain eonsisfs of a strip of 
paiize about whieh ti -beet of rnhls-r ti-sne has iM-en wrajiped. The (>anze 
should project at either etnl lH*ymid the tissue. 'I'he advantnL'e a eifrarelle drain 
offers over a plain ^ranze packing is that the ruhher tissue prevents'lelliesions 
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between the ^auzc inul the canal in wliidi the drain lies, thus permitting the easy 
and less painful removal of the drain. 

linblHT or giitta-pcrclia tisMu; folded into strips of several thicknesses and 
from Ys to >/i inch wide? is an excellent ilrainage material for .sliglit discharges. 
llnhlKjr tissue is obtained in lar<;<! slir^ets of writing ])aper thickno.ss or even 
thinner, is not elastic, and tears acro.is the slu'ct with readiness, but not length¬ 
wise. 'I bis sbonld lx; boriK! in mind in making “cigarc’tte” and other rubber 
tissue si rains. 'I’lio tissur> slmiild be foblcil with the "grain.'’ for if this pre¬ 
caution is not taken it may so bapp(“n that a di.'^tal .segment of the ti.ssne may bo 
left behin<l wIkui the tissue is withdrawn from a wound. 

Ktibber tissue <‘annot hi' sterilizeil by bi)iling or steam. 'Po prepare rubber 
tissue it, should la; tliorouglily washed in soap and tepid watc'r, rinsed off, and 
th(;n iminers(;d in bicldorid ot mcr<Miry I <>r formaliti, for several hours. 

Heforo using the biclilorid or formalin should bo removeil by washing in sterile 
water. 

St, rands of liors(; hair, silk, or catgut are .sometiiiK's iiscal for ilrains. Kub- 
ber dam may sometimes lx; substituted for rubb(;r tissue. It can be boiled. 


HYPODERMIO AND ASPIRATING SYRINGES 

Syritigos having leather j)aekiug about the plungers cannot b(> sterilized 
without injury by boiling, the most etlicacious but still unreliable nudliod lM;ing 
to soak the .syringe; in an antiseptic solution like strong carbolic acid ( 1 :J0) or 
alcohol, llichlorid (d' uKuaMiry injures the metal, ainl formalin destroys the 
leather j)aeking. .\ll-metal or all-glass .s\ ringi's with the plungers so accurat(*ly 
ground into the cylinders as to gi\t‘ a perfect lit are now naidily purchased, and 
are so .superior to the older types as to more than (dT>et their increased co.st and 
shorter lives. Such .syringes can be boihsl like any imstrumeut. 


INSTRUMENTS 

The modern armaiuentarium of the surgeon diseards all instrnments that 
are not exclusively made of metal so ns not tt> be injured by boiling. Hone, 
hard rubber, and ivory are things of the past. In .seleetitig instruments avoi<l 
as much as possible tools that are complicated or constructed with ch*ep recesses 
and grooves which retain dirt, grctuse, tlried blixul, etc., adding to the difficulty 
of sterilization. 

Instruments with aluminum linndh's had at one time quite a vogue, the 
advantage elaimed Wing lightness. The very lightness is in the writer’s opinion 
an objection. .V gimerously made and fairly heavy imstniment is far more 
agreeable to n.so than one of very light weight or of such small diameter as to 
strain the hand in order to maintain a firm grasp. Aluminum docs not resist 
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ijroll the notion of oorfaiii olioiiiionls, partioulnrly itlkalicn, so in time the metal 
becomes j)itte<l uml ruuiilioned. 

Ci<xk 1 titeoi. licavil\' iiick<“I jilateil, is tlu‘ "eiuTallv ii<l(>pt«‘il mnforitil. In¬ 
struments slmulfl, after u>o. Ih‘ \v«' 1I siTiililx'ii witli snaji, brush, htil water, nml 
tlieii l)oilt‘<!, after st<“rili/ati<in iln'v -lauilil he \\»‘ll ilriiHi ami, if iiiHvssarv, 
oomj)lieate*l jtiints tmielu'il with a \erv hi;lit liihrii'atiii^; oil (likt* “.‘1 in 1"). 
lo permit ot easy eh'uniii^. iiistnniuMit- that •■tiii'ist <it two or nior<‘ jiarts, like 
the Ithnles ol scissors or tln‘ two Imihs ot luMin'static lorceps, should Ik* (‘(piip|KHl 
with tlio I'r(*nch Im-k or sinillar ih‘\ ice tor the e.-ixv separation of tint (•otn- 
jMUient Jiarts. j i he editor pr<'teis -.ci-^^ors witli a screw joint. The Idades liold 
clo.s«;ly to-rether and cut loiiccr at the ... | 

Jiefore n.sino, instruments slionid Ik“ hoile(.| tor tweiils" minute.s in water to 
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wliich 1 por mif. of furlum.iir <«( hi I'll lidded. 'I’lie soda jdays a frijilrt 

part: first, it raises ilic liodmjj |iiiiiit ol the soiiiiion slijjlitlv alxive lOl) ' ('. j 
.sceoinl, it destroNs aii\' oil or "rea~e that nia\' he present; third, it jirevc’lits 
rnstinfT. 

Any larjre metal lank with a eio.r .suthe.-s for an inKtrnmeiiL hoi hr. Tim 
instruments are wrajiped in a towel and jdaeei] m the hoilinfj solution. After 
sterilization the himdle is n-nnoed and tlie iiistrniiients jdaeetl on a sterile t.ow<d 
sprend on a snitalilo table, and then covered with another .stiTile towid, earn, of 
course, Ix-inj; taken not to eontaiiiiiialr- tln> iiistrnnients during tlieir arranj^o- 
mont. 

*1 ho aceonipanyinj; <Mit .shows a .smali eonvi'iiicoit instrnineiit laiiler, tlio 
principal feature Ix-iiiir a j.erforated tray with diH-j) side.s into wliieh the in¬ 
struments arc jdaeed, and after sterilization the tray eontainintr the inslru 
nionts ifl removed, tlie water draining <dT inimeiliate]v. d'his ohviuti^'s wrajijiitijr 
the instrument.H in a towel a.s ilex-rllx-d in the jirweiiinjr jjaraL'rajdi. 

The prtJf)or sterilization of ke«'n-edfif‘<| instruments like* knivrsi ami razors 
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(with metal handles) has led to much diflfcrenco of opinion. Some surgeom 
claim that tlie Hue knlto i.s impaired by Injilinf?, and this is doubtless true 
if the knives be placed in the lH)iler with other instruments where they are apt 
to bo struek. Tliese HHr;;eou.s have even {'one so tar as to content thcmsolvea 
with knives soake<l in carliotic; alcohol or some r)ther antiseptic solution, a 
practice which our theories of sterilization cannot condone. Wrapping the 
blades in wisps of (totton and tlum placiii}' the knives in the boiler with other 
instruments protects to a great e.vtent the knife eilge from being knocked off, 
but I lajlieve that the practice of dragging oil the sheath of wet cotton markedly 
dulls the instniment. 

Knives and razors, without other instruments, should he .so placed in the 
instrument sterilizer that there is no danger of their striking oiu* another, and 
then boiled without any cotton or gauze wrapping. little rack of wire may bo* 
used if desired, .serving to keeji the kniv(.*s apart and from In'ing jolted by the 
boiling water. Knives should not he phn-cd naked in a sti'ain stc-rilizer, for the 
blades unprotected by nickel fdatc will bo badly ru.sted. Crosse (2), of 
Munich, has conducted r-.\periuicnts showing that knives put into glass test- 
tubes with th(! mouth plugged with cotton ami then put into a steam sterilizer at 
100° C. can Ix! sterilizc'd in t(M» minutes without rusting the bladc.s. The ex- 
plunatioji given by (irosse is that th<! small amount of moisture of the air in 
tlio tube produces siillicieiit steam to a<'<’omplish the sterilization, and on cooling 
tho mixture is depcjsited on the relatively cooler glass, and not on the steel 
plates. 

PREPARATION OF HANDS 

Hy all odds tho hands of tho surgeon and his a.ssistauts and the skin of tho 
patient ilo more t() infect a surgical wound than all the other causes put to¬ 
gether, and for that reason the* greatc'st care must be taken in tlu'ir preparation. 
In tho groat majority of instances the operative sit(‘ on the patient’s l)ody is 
whero tho skin is not exposed to hardening and roughening. If it is so tliick- 
oiied, wd have as a rule sntticient time to soften and prepare the skin so as to 
afford a reasonable assurance of sterility. On the other hand, the suri^eon can 
dovoto but a short time each day to the sterilization of his hands, and were he 
to employ drastic measures ho would soon put himself hors dc roinhaf. 

Before tho days of nddn'r gloves the enre the surgeon had to take of his 
liHTids in order to prevent roughness, cracks, hang-nails, etc., and the irritating 
solutions and time net-essary for hand cleansing were serious items, which to-day 
have, thanks to nddx’r gloves, Ih'cu largely robU’d of their terrors. One must 
not assume that profR'r care of the hands uiul cleansing Iwforti operation are no 
longer uoeossary, for a leaky or torn glove may vitiate all our dependence on 
gloves ns a sterile hand covering, and so, to avoiil infection as far as possible, we 
should have our hands in good condition and well cleansed. 

Tho conscientious use of gloves iii all operations and dressings, especially 
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if the latter be auppuratinp. kcvpa the haiuls «>ut of pus and the virulent, patho¬ 
genic bHoteria; such hands arc iiiont rt‘a<lily rlcanstnl tlian*lhoM* that have dipjXMl 
into bhHHl and pus. 

None of the means of sleriliziiijr the liatxls have Ihh'u j*rov»‘tl hy hilntratory 
tests to ln’ jxTfw^t each and every time, and so we must eonfenf onrs»*lv»w with 
auch methiKls as give a reasoiuildy iiigh ellieieney test and at tlie samo time ix>r- 
mit of fnH|uent a])plieation. 

The prime factor in tlic pn pa rut ion of hands is the prolotiu-i-d anil liln'ral ttw' of 
warm water, pris-n soap and a Si riddiiii^ lirn.-li. Tin- hni'h slioiild he sterilixisl niid iho 
%vnt*‘r running; from llie 'pient. wliieh latter ..honld U- eenlroIUsl hy issials so ns not, to 
nspiire llie suraiain to maiiipiilale tin- fann l hy hand. 'I'his sernltliing slioiilil ho 
eonseieiitioii.sly done for ten miioiti'* and eoser all parl.s of the Ininifs and fori*arms and 
partieularly the nails, 'l lie writer hi In vi-s that llu' eoinplele and jii'eorale earryitlg 
out of this sti ]i aeeoinplislies altout :di one <-an ho)ie for in liaiid eleansin^, hot most 
atHsl sortrisiiis ari> tiot isintent to ri"«f tlu re, |.iii (ini»li llieir hand ehansiiia with niii? 
of the nuineroiis eheniieal ajfeiits evleiiiixely aiKoialed. The sinnilesi and |irohiihly 
the Is^t is imnnTsion of the Ininds in sterile ahohol (7.'> per eeiil.) for from .'t to 10 
minutes. 

Jliehlorid of menairy 1 ; is advoi'.'iled hy ni.iny. Inil to he of any avail r«spiin*» 

from 15 to 20 tninutes' iintniT'ion. and the irritation and ehappiiiir "f the sUiii ri-siilt- 
injr from its frispieiil and lonu eontiinied use render Mil>-i.ipienl sleriliralioti more 
and more diflieult. A monieiiiary sni-li of the haiiiN in a howl of hielilorid is a fiiree. 

Soaking' llie hands in a stron^r sohition if pi riii.mi'anate of poiii>.|i, rollowisl hy 
iinmersioii in a w.irm saturated -.ohilion of .in, die aenl to deeolorire the staining of 
the perinatiganate. is hialil.v jippnoed of |..\ iininy. 

Seruhhing the hands with .a pii.xie made hy ino|.-ienintr a '•iiiiill lump (’,7 nr.) of 
chloriil of lime in tlie jialni iind rnhhing with .i -iniil.ir qiiaiitity of earhonate of soihi 

is a proee'S of grrait etlieaey for loo.Heiiiii;’ thieUi tied i juthi Iliiiii and is a ..I ilisin* 

fivtaiit. I'l'liis is the In -I nn mis of hand di-infi it ion known,- I'inrioit, ] 

A great inilliy more proi 1 -H..es have heen ndvoeateil ; tllo-e nieiit iolieil itre the otn>fl 
endorse*! hy nio^t surueon^. Whiehexir nn iliods an ii-i'l, tin haneis are finally rinsed 
off in slirile water and dried with a .sterile l-iwel; the .-.iirpreoii, lioweM-r, miisf diS’ide 
whether lie will depiiid on the etHeai v of his li.nid preparation or profeef. Iiis palietil 
and himwlf hy the use of gloves. 


Kabber Glove*.— .Muoif (ifteen years ago the ([nestinn nf llm uko nf Home 
form of glove to 1 k> employed in operalive maiii|iii1atioitK was revivtsl. ( 1. Col¬ 
lins.) Wh ile Hot Ji new proposition, the di.scMis.«ions j>ron‘a>(l at that time were 
listened to with miieli interest, hy Ameriean siirgeoii.s, and jiarlirMilarly hy thfwo 
in New York City. As is always tin; ease in thti jirohlems of the medical pro¬ 
fession, there were numerous argnments a<lvaneeil hy the opposing factions, 
although the great majority re*-ogiiiz<*d the immroise superiority of the glove 
over the naked hand from the stnmipdnt of nst.-psis. Tliept; w-as, thongli, much 
division of opinion as to the kinrl of glove to lie worn, the rnetlmd of use, and 
whether or no the surgeon’.s skill was hamlicapfied. 

It would not be of valtic to review these argument.s now, hut it is of interest 
to note that at that time there were but very few operators in thin eotintry who 
3 
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mado any attempt wliatcvor to wear gloves as a routine during operations. At 
that tirno tho praetieal uho of gloves was liinitofl to woasional instaiiees as a self- 
protection when operating on highly infeetions cases. Now, on tlic other hand, 
the majority of Hnrg<'ons look njion the »isc of gloves as nnudi a matter of course 
as any of the n-st of our aseptic technics. 

Tho con.sensns of opinion is in favor of a glove made of pure, impervious 
India rtd)her, and a gnm glove is tin; kind ahnost universally ailopted. 

Tho foremost argnnunit in favor of tho use of rnhhcr gloves is the fact that 
it is ini{)ossihlo to assume heyond all <|iiestion that one can hy tho use of anti¬ 
septics pfej)aro the hamls of all persons employed in an o]>eration so as to bo 
con(id<!nt that <!aeli and evtrry haiul is sterile for each oja'ration. Of course, 
many times .some of tho hands aro aseptic, hnt om; cannot la; snn' that all are 
invariably so. 

(»lov(s^ of pure rnhh(>r can bn unfailingly nnidered as<’ptic by boiling or 
steam. Aiaither point of gnaitest value is that inipc'rvions gloves jireclude the 
possibility of e.xioliations and detritus fiom tin* hands ent(;ring the surgical 
wound. A third point is that during an ojanaition a smooth surface like a rnb- 
her glovo can ho mon; rc-adily frc(il of coagulated blood and other materials 
than can tho rough skin of the hand. 

Tho ncdiial preparation of the gloves is often very carc'lessly done, and unless 
they are simply pickc’d from the hoih*r with a stc'rih* instrument and handoti 
hot and wot to the surgeon, llnu'c are, many chances for ('rror in their prepara¬ 
tion by thoughtless and im|terfectly instructed persons. 

Tho Ix'.st and pleasanl<‘st ns(‘ of gh)ves is to put tlnmi (Ui dry with sterile 
talcnni or lyeopodinm as a lubricant. 

Gloves may ho properly |ir(*pare<l by either steam sterilization or boiling. 
Tho first method is as follows; Tin* gloves are thoroughly washed and dried, 
the cniV of the glove is then turned back about two inches ami the whole inside 
of tho glovo thoroughly diistetl with tah'uni or lycopodium j)owder. One pair is 
thoji wrapiKul in a small towel and put into the autoclave for sterilization in the 
saino manner as dre.ssings, ete. Placed in the towel with the ghn-es is a small 
•envelope of gauze .about inclu's scpiare eonlaining a dram or two of tiilcnm 
powder. 'Pho gloves come out of tho sterilizer perfc’ctly dry and are kept in 
tho original package, unopened, ofeour.se. until needed. 

A more trouhlesoiue method of preparing gloves, where a steam sterilizer is 
not availahh', is by iMiiliug and then drying them. I'h(‘ pnx'ednre is as follows: 
An ordinary box of talcum powder with a perforated top. .several towels, and the 
little envelope's of gauze tilled with talcum aro sterilized in an ordinary kitchen 
oven with dry heat. (This is by no nieuns a certain method, hnt serves fairly 
well in an emergency.) 

Tho gloves are then turned wrong side out. placed in a wire e.ige, and 
snbmergi'd in clean water in tho ordinary instrument Ixiiler. Care should be 
taken that all of tho glove is tilled with water and the air driven out. Two 
pairs of long dressing foreeps or sfKnige-holders should l )0 put into tho boiler 
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with tlic plovc!». The fjloves an* allmvet! to Intil for fn*m five to ten iniuutci. 
They art* then taken from the cufiv ami allitwed to ilraiii hastily. Willi tJlO 
sterile fon'eps tlii* L'loves ari* plaeisl on ^nu* <•! tin* sterile towi'ls sj>n*a<l out tint 
and another .'terite towel lai<l over iheiii. It all the lr«-e water has Ihs'Ii alh)'v<‘tl 
to drain from tin* i;Iove-<. a little sliokin;.* ami jvattin^' ot tin* nj'jv'r towel will 
thorou^hlv drv the outer -.iirfaec ( reallv the im-ide. tor the cloves wert* tnrin'd 
wrviiif* .'ide out) in a few minuter. Tin* u)>]>er towel is then turned hack ami 
the f*loves, Inith hark and iialm. ihorounliK du'Ied with the .■•terile jiowder from 
thelsix. 

^\'e aie now readv to turn the vlo'e< neht -ide out. \\ ilh oin* pair of 
fori'eps the edire of the w i-i'lli.iiid i' litled am! the otln r pair td loreeps intro- 
dueed into the “low until the ii!ade'« ean ofa'p the well hetvveeu the middle and 
rim: tinkers; hv drawing ou tin inti rior jiair of toieep-i and tiirnin^t the etiif 
over with the other pair it lake' hut a iiiouieiit to eotupletelv n-versi* the paliri 
or hand portion of the o|o\e. The neaie.'t wav to n ver'e the lingers is to ^*rasp 
Iwo diametrn allv oppo-ed point'o| tin-eili^e ot lliewri'lhaiid with the two pair 
of foiaa'ps and thiai tw ii I the ulove two lU three turn ' ahoul its transverse axis; 
in so doinir one elo'c* the oi itiee o| the alove and niipri'oiis some air in the palm. 
I.a_v the^Iove with the oriliee still 'ealed oii a 'tiuile towel, and. pri‘'sinoou the 
halhstii part of the i^love with anoile-r 'leiile ti'vvel. the eonipressed air eanses 
the fiiiirers to Is* everle<l vv ilh a rU'h. I he ;j|ove' are next drieii on their outer 
siirfaee hv auaiii 'frokuiL' and palliu” with a sterile towel until they are per- 
fivtiv <lrv. \\ ith the toicep' iheeiilf' are liiineil haek, the oloves toor'ther with 
the envelope* of taleiiiii powder pul in a 'lerile towel, folded over, ainl pinneei. 

this method of jirepai al ion tin- iilovc' have onlv eoiiie in l•ontaet with sterile 
towels, sterile fori-ep'. ami 'lenle powder. I he iii'ide i.s well luhrii-ate<I, the 
outsitie is free from powder, and tin- ;.dove' are jierfeetlv drv’. 

The projier wav to put on ejoves i' vi r\ simph-; it is as follows; 'I’lie IuiikIn 
are thorouehlv (dean'cd hv an\ nietlio<l flu- 'iifLieiiu edeets and then thorou”hly 
dried on a sterile towid. The pa< k.iije o| gloves i' ojiened hv an attemlanl, ami 
the sureeetn I'arefiillv pieks u|i the "an/e envidope ot jiowdr-r; hv ndlinj' the 
fjanze hetvveen ami over hi' hands le- ihoroiiLihlv dusts his hands and tiiunTS 
with the povviler. lie then i.*ra'p.s with om- hand one pdove hv the turned haek 
etifT, only touehim: the ln^ith ot the "love (that part vvhi<di eventually will lie in 
eontaet with his skin t, ami draws the "love <into the other haml. 'I'lieii with the 
glovecl hand he seizes flie other ^love. puttiii;:' Ids f:love<l linf.'CTS into the ris-ess 
of the folded eufT. thus <inlv tomdiiii" the j:love on its nulsii/t’, and draws, or, 
rather, juishes. the f^lovi; on the .second hand. Not until Isith hands are gloved 
should the tintrers Is* stroked into plae«* nor tin; eutfs straitrhf<*ned out. In this 
manner the skin of the haml' has at no time come in eontaet with the oiifsidi* of 
the plove. 

It ROf.*:us fitting in thi' phn-e to jsiint out some ;rross errors in feehnie in 
the use of ruhlier ^lov(>s. Is-'-auM? it is jsrssihle to witness many sniy;ieal ojx-ra- 
tiona where several jx'ople arc employed and we pros« errot.s of teehnie in the 
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manner of iisin^ ^Iovoh; errorn not ho imich of carelessness, but of lack of in¬ 
struction and thought on the subject. 'I'liis applies particularly to the intenies 
on our hospital statTs and niirhcs. \Vy ass\iiui; that tin; surficons-iu-chief have 
studied tlie snbjcict and (‘i rors on tlndr part we ascrihe to candcr'Sness, but the 
juniors are receiving' their trainiiiir, and the di-tails of instruction should not be 
nef^lected. Tlieir thoujilit and power of lofiic should ho awakened so tliat a 
correct routine becouies a uuifter of subconscious habit. 

I'he first ar;;uuieut in favor of the; use of gloves is the oia; which the writer 
believes is most fnsfiieutly set at iiaueht by llu! careless manner in which the 
gloves are drawn on the hand. I'or e.xaiiijde, tlu! sui'geon washes his hands in 
the most, thorough manner, rinses them in vai'ious [lowerful antisej>tics, acistrd- 
Ing to Iiis fancy, dries his hands on a sterih; towel, and is now ready for Ids 
gloves. Arc; his hands sterile i Does hi‘ know it tor a fact ^ If .so, he is ft)olish 
to go to the trouble ot wearitig gloves. On the other hainl, docs lit; tlonbt the 
ii.se|).sis (d his hands ^ is he credulous ^ It so, note how he \itiat(‘s his technic 
by his manner (d putting on the gloves. ()\’cr anil over again, by those who 
should know b(;ttcr, one may .sei* it done as follows: 'I’lie gauntlet or wristband 
of the hdt, glove is seized in a generous grasp b\ the right band, and the left 
liiind pushed iido the glove as tar as po-siblc; then with the iiakcil right hand 
the finger-tips ot the lett glovir are stroked into place and the glove ideelv ad- 
jiistt'd. 'I'lie right glove is now grasped by the hd'l hand, alreadv clothed, and 
the naked right hand introdneeil .and the glove drawn iido pl.ice, n-'iiallv at the 
exjHMKse of dragging the hdt gloved thumb o\('r tin naked right hand and wrist. 
"^I’lie surgeon now feids ready to bi'gin his work, or possibh' deems it wi.se to 
rin.se etl' his gloved hands in .some sterile sointion. 

jVnotlier favorite" method ot putting on gloves is to throw .sevi'ral pairs of 
tnishly boiled gloves into a bowl of liicblorid of merenry solution or some simi¬ 
lar antiseptic liquid. The surgeon, after thoroughly wa-hing his hands as 
lietore, proceeds to draw, or, rather, to lloat, onto Ins hands the gloves Iving in 
the bowl. During these mani|nilations he splashes the .solution over tin" naked 
forearms ami hands, the .sidntion in turn b.ithes the gloves, and smears over 
tlu'ir outer snrfaet' ("pithelinni, etc., washed from the skin. 'I'he fori'going 
errors in tc'chnie are perfectly ap[)arent wia-n tlaw are brought to our notice, 
and that they ari' errors in fact a*nd not hair splittings must be concedi'd bv all 
who admit the truth of the tirst and most important rea.son for wearing gloves, 
namely, the uncertainty of being able to sterilize all hands every time for all 
operations. 

If one accepts the above as a fact, and nearly all up-to-date surgeons do, 
what possible excuse can there bo for allowing the disenslited and snsjH'ctccl 
band to touch and rub" up against the outside of the glovi's so ("arefnlly pre¬ 
pared f 1 f tlu" surgeon adopts gloves, he phu'cs himself in the ranks of those who 
Ix'lieve that the haml eannot infallibly be sterilizcii. If he then put- on bis 
gloves‘as has Ih'i'ii de.seriU'd, he must 1h' a traitor to his iK'liefs. Ssucce.ssful 
operative results in spite of the.se errors do not nullify the argument. Wo see 
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many hoalinp* aftor ujH*rations wIutc* hIovi-h wen* not worn, l)»it tho 

of jio»il(iIify of wouiul infiH-tion in ilio imm- of tiu- nako«l lian<l has 
Ihh-ii proNcl Ia lalxir.itoi \ lo't' to Im* liioli. ami j>ia<‘tioall\ nil w ith (ho atoriln 
fllovo. W’liN. thoii, plai o 0(1 ilio faoi> of the plo\o llio \c‘iy matorial wo so oaijt'rly 
stri\«' to iiiijtri^on within tho ^io\of 

Aiiothor ohjoi tioii to pniMiiiT on ::lo\o^ that aro iininor.''c>'l in sonio liipiiil ia 
tho ooii.'tant (Irijipi iiL' from llio wri-t ot tho waloi- imporfool l\ oinilinod lu' (lio 
tiii'.'ors in tho interior <if tho l’ 1 o\o. I his water niav have Iio<'n Ioii::x>,l at tho 
tin^‘r-ti|is Itir ^olno linio. ami afii’i- liaxiiu: niaooral'il ami hatliod (lu» sKiti ii 
thou:;htlo'S ohanuo o| Iom'I I't llio haml allou' tlim ini|iiuo lii)iiiil to osoapo at iho 
wri-^t ami in all proli.ilnltl v to i.dl into the w oiiml or in it- iiiintoilialo vicinity. 
Iho >amo i- ti no whoro a loin tiimortip i- n'-<'i|. I'ho whole pIo\o aol.> as ji 
fnnnoi. the torn or tiplo-- linjor -on no; .i- the '■mall oml to lo.ni with iiiiorrin^ 
ilim tho swo.ti. ili'triiii'. etc.. o| the wli'ilo haml into tin woiiml. 

I.i t n- llii ii projK riy pnji.iro oiir t;lo\i-. |.i..|hiI\ |inl llii,iii mi iiiul ii-o only -iii'h 
as 11 ri' pi rli clly wal'r liylil Ilii c|..\i, .ii-, »i, riN ..nli “'i lon;’ ai wi-licip lliciii mo; 
llloy lia\o iio inln rciil virtue, im .nili--i|aii | "Wi i i'hi wmiM lliink mi Mci iiKJ llio 
<•110 levin with w hii h ph a ' - an li.iinlli .1 t h.il 1 In > h.nl prop, rl n * 'iliiiliir to r.iiliiini, 
i‘niiiiiiii' piiwirtiil Imi ti rici.lnl r,i\ami wi ri < .ip.iMi o| in iil r.ili/iiip llio (rroMSOMt 
iiek'liu'-nco mi tin |i.irt of tho-c who ahu-c llnm. 


SKIN OF PATIENT 

Iho ri'inarks on the ilitlioiillv o| '■tonli/.iiioii of the skin of tln' siirpc'iin’s 
liaiiiN tippl,' ••ipiallN well, lliouoli to a .jooM'o, to the >kiii of tin' patient. 

It has alia'ads hoon |ioitilo'i out that lln' inoio ii-iial mI<-, nl ojioralion op tho 
patient aro wlioro the •■kiii i- h— oypioiil to ••oiii.iinmation ami roiiphonin^f, 
iiii'l tiirtln’i'inoro w<' ha\o a- a nth' nioio time at oni ili-po-al. 

..\ wolI O'lahli-lied nilo tor -kin pu pai.ition i- as tollows: ,\hoiit twidsa* 
hours Iwloro operation a Ln'in'i'oii- area ahont lln' oporati\i' silo i- thoroiiLthlv 
shavinl ami then Ireidv lalliorod v. itli -oa|i -ml-ami vv-idl -ondiln'd with a |iioee of 
^an/e; a M<Tiihhitio hrii-li i- too imr-li ami is haldi- to .-oi up a i|<'rmat if is. ’I In' 
suds are tlion riii-o<l olT am! the paii- .ojain riihlu'd \vith "aii/o and <'lhor, to ho 
foilowerl hy a (liir<l riililiiii" >nii1i aloolnil. .NlfiT tin* alooli") has ovaporatml a 
.soft, .soap ponltioo i- applied, (ho wlndo i-ovi ri'd willi -i<-rilo ;jan/o ami a liari- 
tlajK’, which is h'lt on until tin* jtatieiil i- on tin* operalinir liilili*. (hi tin* 
operatitiir (ahh* tin* -o.iji poii](n*r* i- r<'mo\<*il, tin- part.s are ay^aiii washe<l in soap 
and water, to Is* fidl<iw<*'l h\ <*thi*r ami al<*olnd ridiliitiL's as alri'n<iy <ieseril«*d. 
Skin .«o prpparf*d i.s \ery m*arly always sterile* from a surgical [toint, of vi<*w. 

Aimthcr r*ipiaily etlieai'ions way is to <*arry out tin* jinK-eilnri* alr<*ady Reiver 
np to the jxnnt. of applyitiL' tin* s<*aj» ponlli<*e; thi- latter i.s oiiiitl< <l ami jilain 
dry .sterile panz<* applifs) inst<*a<l. f)ii the tahh* the .sterile rlrv <lres-inir is 
renioveil an«l tho ojxTativo fiohi painto'l with a sinp^lo eoat of tirn*liir<* of iixlin 
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(officinal strcnj^th) iif>plic(] with a sterile bnisli (soft) or p]e<lf'et of cotton. If 
this method he followed it is hif^hly important to set? ttj it that no water has been 
applied to the skin for several hours (the writer has jmt in his praetiee a mini- 
niiim of ei/^ht hours) before; (Ik; iodin is applieel. 'I'he reason for this is that the 
colls of the skin jdesorh tin; water ami swell up, thus preveiitiiij^ the penetration 
of the ioditi. 

Some surffcoiis a])ply two (;oats of iodin at intervals of several hours. This 
isluirdly nesressarv, for if the; first coat eloselv follows the soajt-aiid-water serub- 
biiif' it is of no avail, aiid if th<‘ e<)ats her put on at. proper intervals the whole 
timo of skin ])re[iaratiou is iiiidtdy prolont^ed. 

In em(;rminev work where* no proper time for skin ])reparatioii is jiermittcd 
one may have; ri'a.sonahio eoiitideue«; in a j 4 ood heavy coat of iodin applied at the 
last itiouu;nt, provided the ahstiiieiiee ot water to the >kiu has Is-en observed. 

'I'he ii.so of iodin has in som<; i-asc's resulti'd in a ilrn'inatilis of more or less 
severity- two fatal <‘ases have eomc to my kiiowledfie. Removal of the iodin 
with ah'ohol at the elo^so of the operation largely dimiiii.-hes the risk of subso- 
(jU(!iit skin irritation. | .\ liberal coat of iodin applieil on tla* table and allowed 
to dry, then wiped off with aleohol, is «‘llieaeions. Eoi ioi;. | 

Io<iin appli(*d to very sensiti\'e skin areas, as tin* si'iotnm, ('Ic., inerr'ases the 
risk of dermatitis, and th(‘s(! parts shoidd invariably be wa-laal with aleohol 
after o|M*ration and liuhtly smeared o\er with sterile oil or vaselin. 

If the stiri^ieal field lx* the band or foot, where the skin is nion' or less 
horny, tin; pixiparation shoid<l lx* started two or three da\s beton* op(‘ration. 
'I'lie preparation should consist of s(>vera! sembbinirs with soa|i, c'ther, and 
aleohol, and applications (d soap poultices at I- hour intervals with the final 
pre[)aratioti as already described. 


AUTOCLAVE OR STEAM STERILIZER 

^Mention has been made so fnxpu'iitlv in the forea;oin^ paires of sterilizini; 
drc.ssln•^8 and snraieal materials by steam under pressure that it may not be 
inappropriate to di'.seribe brietlv the apparatus for prodneiinr this result, al- 
thonirh so familiar, an objci-t as the steam sterilizer must be well known to all. 

Different nninnfaetnrers liavi* tievised various stylr>s of autoclave, but the 
• main principles are the same. Tin* followinj; description and illustration arc 
quoted from the eataloaneof the Key Schei'rer ('ompany: 

1. Fill the stciun jacket with clear water by opcniinr valve on metal funnel C, 
turning Icvit No. 1 to the riplit. The quantity of water nsiuired for sterilization 
depends on the leiurtli of time for which the apparatus shall l>e ojicratixl. It is not 
desirable to have the jacket filled more than half full of water. (Sih* se<;finnal view, 
Fijr. 4.) The plass water aauae on .«ide indieati's exactly the height of water in jacket. 

2. A* permanent eoniUH'tion with the hydrant water supply can be made throufrh 
the v.alve G (tlie clean-out valve) by *innu*«*tinfr a Tt'e back of valve G and using a 
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KUto valvi* oil ih(,< liv. lo Mhicli ymi coitiuvt y,.iir liydniiit wuti r. Tliin iiiHhoii of 
iilliitK tlie watiT into ilu- j.u ki i,-; work-; ra|u<lly. .•nul in aililitmn utTi r» tin- iulviintnt^' to 
l>c able to iiijixt wai.-r at any tmu- i\ea tlumnli tlie iiiiiiiiratn> may be niiiiir i)rv*asiirt! 
and 111 o|X‘ration. 'Ihe of the wuler Miiijdy at iK.inl of eiitrainv at vulvo O 



I'iu. 4. -Arrot i.an k. 


I lO. .'i, \‘||£W i»K I l*.( UK J. 

t;rn<limlly a. (h- n mi-. ninirr of tf... r .r, j ok.i if,.. „i, if,,, rili/.. r .-hun.lH r 

fir.! .!» I . 1 . ' •tnoiiiili .III, f -II,,. Hl..rili*.r •hiiinUr ifur,fore, in If..- 

first snwo of Ihi- i,ror,.«,. if,,- ..f hot ,.,r ov,.,,. Krn.lui.lly wnra.inu lb- .Ir.-n 


IwTomc* ri.r-fitxl niiii fin.N 
first slime of Ih- |ir‘»roKt. 
panitor>* to lettuiit pri'^Hurc .“ti-arn into tlu- r haifil#* r. 


'•N'^JUKN |>n‘- 


must, of course, exceed lliat of tlic ‘.team f.r.-Hi.ijre in the jn-ket; flu- latter heiriir \r, 
pounds to the srjnnre ineh, if foll.,ws that th.- water i.r.-.«.)re ..hoiild at lea.t he 2r, 
pounds or more. 

3. The steam jacket haviii(f h-eri (ilje.l witli a .‘.iiflif ient <maiilily of water, throw 
iCT’cr handle Xo. ] Imik to the left and linht the hnrner (fzttf. petroleum or aleoliolj 
leavmsr valve on funnel C opi-n until st-am is.s„es, then ehme it tnrhtly. 'Die -omhimi- 
tion steam pressure and vacuum gauKw E will register the conditions pr.-iailing in 
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th<! jnckc.'t and the Hteaiii iircwHuro saffty valve 1) will blow oiT steam as soon as the 
latter exeeeds the normal i)resHiiri‘ of 15 pounds (=- 1 atmosphere). 

VV'henever live; steam, exeeedinK pounds per sipiare inch dirived from a boiler 
plant, installed iu the huildiiiK, is av.iilahle, we stroii^^lj' reeommeiid the use rtf the 
latter as heating niediuiu. For this purpose we place in all of our sterilizers (with 
th(! eJCeeptiotiH of No. () and No. 1) a set of .steam-lieatiiivf coils Wetweeii the two eop- 
IHT cylinders foriuiiif; the jacket, consi.,tiu>' of lu-axy wall copper pipe, which is 
eonneet<'d to nip[ile,s AA, one of these .si'rvino as steam inlet, tla; otlier us steam 
outlet. 

Throutrli these heatin;' coils tlir hi;^h iiressun- .-team circulates, aial its tempera¬ 
ture, iji proportion to the resjieetive amount of pre-surc, rapidly r.iises the* tempera¬ 
ture of thc! water in jacket to hoiliiie^-prunt and over, until it reaehi's the temperature 
of 250" !•’. (121" (k), which is the eipiivah nt dej;rei' of -team or of water hoilin;^ under 
a pressure of 15 pounds to the .si|uare inch. 'Flic safety valve I) keeps prcs.suro in 
jacket under perfect I'ontrol at 15 pounds. 

4. The dre.ssiiio material should he pl.ieisl in tin- sterilizer chamher ladori' thc 
heatcr.s are lit, or as in the ea-e of steam-heated jaekets, Indore the hoiler steam is 
turned into the heatiu;^ coils. Iloiir of -ti'rilizcr is loekeil -eeurely .ind air-tilterin;.' 
<'U|i valv(“ I'’, which is tilled witli a wad ot ahsorheiit cotton, is hdt oiien, handle heinji 
in vertical (losition as .-hown in dr.iwnnr FI. 

(iraduall.v as the tem|>erat urc of the water increases the air in the sterilizer 
chamher heeomes raretieil and limls an e-eape throuoh en|i vahe f'. 'Fhe sterilizer 
chninhiT thcndorc in the first stane of the proee-s serve- the pnrposi' id’ a lad air oven. 
Kradmdiy warmin^r the dressings preparatory to lettin;; pre.— ure -learn into thc chain- 
bor. 

6, As soon as the .steam prc.s.-ure irauitc indicates a pre-sure of 15 poniuls, the 
safety valve will hetrin to operate hy hlowine ,dT steam in e.\ee-s ol llie requireil pres- 
Hiiro, tlien close the air tilternu' eui» \alve F hy thrnstiiiK handle into a horizontal 
position. 

The moment has now arrived for exh.iustinir the already rarefied air in the ster- 
’ilizer ehatnher iiy ercaliim a [lartial vacuum. 'Fhis is done hy throw mo lever .\o. 1 to 
vacuum, Thc comhination ^;an^,'c F will soon register a vacuum in the chamher, five 
inchi's heiiit; suilicieiit to insure ahsolute result. 

When this detrrec of vacuum has heeii re.iehed. mov;' lever 1 to chamher vvliereui>on 
tin* prcssuri' steam will rush into the chamher. Thi' ilre-.-intr material i-ontaiiied in 
fhe latter, having: thus heen carefully prepared liy thr air exhaust proee-s for an eat;er 
iihsoridion id’ live steam, will instantaneou-ly and thoroughly he iiem tr.iteil hy the 
same. Furthermore sine»’ tlie inrusliimr steam which is of a temperature of 2.5i)^ F. 
(121° V.) will meet with material whiidi has for some time heen suhjeetisl to dry, hot 
air of nearly tin* same decree of temt<eratur<' as that of the pres.-ure steam, the latter 
will not condense and therefore not wet the dressiims. 'Fhe [iroees- of steam .steriliza¬ 
tion shall last for from 20 to 50 minutes. 

6, The vlressiiifi material can now ho eonsidensl ahsolutely -sterile and may he 
taken out at onee, if desired. It is advi.salde, however, to let it remain in the sterilizer 
ehumher for from It' to 20 minutes loinrv’r in onler to rv-move every traev‘ of dampness. 
For this [nir[vose move lever .No. 1 to vacuum ami airain start the e.xhaustinir proei-v.s 
di'serihed under .No, 5. for the time ahove speeitivsl. .Vfter this, o.Ntiimuish tlanie or 
shut olT steam supply and throw h'ver No. 1 to tin' left. 

7. To remove sti'rilizisl dressinsjs from the ehamhers it is mH'cssnry to di-stroy 
the vneuum from the latter in order to he able to o[H‘n the door. This is done hy 
lettinjr air enter the chamher through tho air-Hlfering eup valve F, which is fillevi 
with absorlH-'iit wtton. 



ArnH’I.AVK OK STKAM STKKII.iZKK 


25 


Difs.’fiiijr!* llui" pn (Mrcrl vmii In* tli jH-iulol h|h<ii ns t<» tin'ir sti'rility. 

Tlu.v may In- Kit in tin' apiiaratns f<ir an imU'tiniti' tilin' In'Kin* ln'inn ust'rl witiioiit 
iHHMiniiip iiif«'< tt’<l. 

Wdirr. 'I’lii' stirptm iias no ihh'.J for rln'iiiinnlly ptirt' wati'r, Inil p'rnt-fnn' 
water is <’on>t:intIy iici'(lo<l lor all 'iiri;i<'al work. I’laiii water Imilcd for a short 
time is |veffei'tl\ it-liahle for all ^oliit loll-. I'ti'. i he oilji'otion (o Itoilini; water 



in an nrdinarv ves.-nl i- that il mii'f !«• iisr<i at onec Hiid not, left exjwmeil to the 
air. Kor exteiisi\e h"'[iital water is lioiled iindiT |ire'siirf in tanks e.sjx;- 

eiallv tit'siinied. in which the water muN l)e stored without fear of air lairi- 
tamination. 

The illustration shows a Kii' Silu'erer doiihle tank w'afi'r sterilizer. The 
water from the eitv main ilow -i ihroueh flu' filter f Is tweeii the tanks ) and eiiti'rs 
lv)tli rhanilK.'r.s. When tank- are nearly full the water is shut ofT and the hnrri- 
ers lighted. A ])res.'ure iraoi-'e is at the top of eaeh tank and set at 1.'» pounds. 
The water is heated until the pressure tjvereomes. the tratip;, wliieh is (spiivalcnt 
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to 121° C. This is continued for twenty minutes. The water is now thor- 
oughly sterilized and may he drawn froiri tlic faucets at the bottom. One tank 
(marked Cold ) has coiled within it a niindtcr of feet of copper pipe, through 
which cold hydrant water may l)c allowed to circulate, thus cooling the sterile 
water in that tank (not by mUing, but by contact through the wall of the copper 

pipe). In this manner we have a liberal supply of hot and cold sterile water at 
hand. 
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OKNKHAI, OfKKATIVi; TKCHNIO 
1I()WAI(I> O. 

Tlio praptitionor of nnri;:»Tv hIumiIiI constaiitlv nxo tlio iloliiils of hin art so 
tliat tlio various (•tcps of liis imiv |si-oni(‘ a so<-oii(l iiatiiro to him, 

enabling him to porform tlioso at-ls without thought on his })art, loavitiif liU 
iiiiml clear for the hi^ltor faciilli«‘s of jiidmnoiit. la onlor to facilil.ato this 
training it is wise to limit mir toolmii- as ima-li as possibli' to the (>HH(Mltiais, 
eliminating; all necill<>ss omlK*lli.-limonts. In our tlisoiissioii on antiso|itics nti 
i'fTort has lieon mado to show how small a part Ihov should play in true aseptic 
Hnr;;erv. In a propc'rly coiiductod suruioal operation it is assnmoii that, all iho 
materials furnished are in a sti'rile eondition, and the snr^esm should soo to it 
that they are kept so. and md permit breaks in his tisdinie, (‘iillinfr for tho 
doubtful eths-ts of antisepties to s»'t all strai^jht. a^'ain. ^ 

An endless list <if solutions, an immense array of instruments, and countloB* 
other parajihermilia all tend to confuse and upset our asi'ptie jilans. A skilled 
workman does his work best when ]iro\id( d with the projier tools, without Iming 
hampered by tisi great a variety of ap|diances. 

The element of time is one that has a<lvcM’ates on Uith sides of the (piestion, 
and, as in most other subjects, a happy me«iium is tin- wise eonrso to pursno. 
All ojierator who is constantly trying to lower by a minute or two his ofKirativo 
nvord is very ajit to 1 k' led away from the real purpose of tbo o]»eration, iiairioly, 
complete and spetaly r»H*overy of the patient. Me will slur over little detjiils— 
not essentials, it is tnu*, but of i;reat importania! to tint j»ostojH*rntivo comfort 
of his patient—lK*cansi! he has one eye on the ehxrk. f>n tbo other hand, 
dilatory action is not to Is* recommended. TIh! longer an oiwratioii, by so much 
longer is a patient under an aiiestbefic, the more opjiortnnity is given to bandlo 
the parts, and the longer is the pressure of retraetifui kept up. All of theso 
factors arc exhausting and teial to diminish the ehnnees of smooth recovery. 

One of the greatest masters of the art of o|x:rafing, fdiurles McMiimey, gave 
the impression of being a slow operator Ixx’anse all of his movements wore com¬ 
paratively deliiierate; but when put to the test of the clock bo was found to 
equal, and in most instances to excceil, the speed of wcll-rocognizcd rapid 
operators. The secret of this lay in the, fart that all of AfeUumey’s oficrative 
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surroundings were of the simplest, and in doing the work itself he never had 
to take a backward step <)r go over the field a secfuid time. One should enltivato 
the habit of passing through the stej)s of an oiieration in a logical manner, tak¬ 
ing up each feature in turn and eompleting it as far as may he possible before 
passing on to the next. (Mean-cut incisions, complete hemostasis, and the 
accurate replacing of the j)arts, together with as little trauma as possible, are 
the fundamental underlying principles leading to the best results. 

INCISIONS 

Tho incisious vary, of course, for difTcnuit operations, and the special forms 
of incisions will be <l('alt with in discussing special opci’ations. W here a choice 
is left tf) tho oj)erator Ik; should clioosc; as lar as possible* to make his skin in¬ 
cision corrcsjxmd to the natural folds or cr<‘as«‘s of the skin; this i.s evidently 
of more inii)ortance where a cosmetic result is dcsirr*d, hut evc'ii wh(*re a well- 
concealed scar is lujt sought for it is wise if j)os...il)|(. to choose* tlie ‘‘run of tho 
grain,” for if this be lollowc'd sidist-qucnt suture; of tin* skin is jiiorc; aecniratc, 
and more promj)t healing n*sults. A long skin cut, if suhsc“(piently closed, will 
heal as ]irom[)tly as a short cut; hcn<*<* it is good siirgi'iy to make our skin in¬ 
cision as long as n(*<*essai'y to give a satisfactory vi(*w of the; de(!per part.s, 
except, of course, where cosin(*tic (;lf<*ct plays a promincut ]>art. .Vo instrument 
is 80 good for making the skin incision as a s<*alpi*l. Some opei’ators pinch up a 
fold of akin and cut through with a pair of s<*issors: this is rapi*! hut at the 
oxpen.so of bruising the tissii(*s. M'he s<*alp(;l should In; " fiill-h(*Hi(>d,'’ that is, the 
cutting edge should have* a g(*n(*rous coiiv(*x ciirvi* and the middh* or most promi¬ 
ncut part of the hhuh* should he employ<*d for the cutting. I)o not scrat(*h 
through the skin with tin* point of tin* knife. 'I'ln* hamlh* of tin; scalpel should 
bo largo enough to give a linn liold, ami sliould ht* grasp(*d by tin* wliole hand, 
and not by the fing(*rs alone. M he skin cut is l)(*st if mad(* with oin* stroke of the 
knife, and slionid, of course, he at right angles to tin* surface, llotli (*ud 3 of tlio 
incision should he pliimh and not gutter-.shapt*«l. 

Wherever practical, the underlying tissues should he divided in the lino of 
their cleavage. For very largo wounds this is of course impraeticahle, hut it is 
surprising how satisfactory an exposition of the de(*pest parts is permitted by 
following tlie natural linos of separation. Following this method, even at the 
expense of a littlo more time and some limiting of the field of exposure, one i.s 
well repaid by the dimiuutinu of trauma and tho prompter ami firmer healing 
of muscle tissue. 


HEMOSTASIS 


Too great stress cannot Ih> Iniil on the value of stopping all bleeding lx;forc 
wound closure, save in those o|K'rati«»n3 where a bhxHl clot is pur|) 08 cly left 
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witli tlie Iio[)e of its boc«nuin.ir orjrjiui/i*tI. Tlio inon' fiiHy tJio point of a lilcoding 
vessel can Ite isolator from iho siirrituiuliii^r tissiu', jrrasixHl with a lieiuostat, 
and tied with ns fine a liL'ature as (he diameter and ehistieitv of tho vesstd will 
warrant, tho neim'r w<> apjiroach the ideal. 1( woiihl In* folly to waste time in 
frtviiij; the eml of a small lili\ diaii artory from i(s snrroiindin,:; fat or innsclo 
by a pnx’OKs of dissts'tiou U'foie we att< lupt (<> <>'amp the vess<*l, hnt. it i.s gtXHl 
practice to train onrsi-hi-s (n i«a(*h (In- hltH'diii-r point with as little other tissuo 
as possible. A somewhat blunt pointed bemo-tat. snob as is shown in tho nc- 
CMinpanyiiif; illustratiiai ( Kic. - I, i> the be»t f4)r all around pnr|M)Hi‘s. 'I'lio 
comparatively bii^, blunt |ioiii( prevents the* instrument from juineturin}; into 
the tissues and sid/.in^^ too laii;e a crasp. 'I'lu- larce blailes. with tludr eurvtxl 
snrfaix's, aid tlie licatun* wliile iH im: ll*<l to slip down and olT (bo instrument 
at its very tip, and imt pass on to the li^^ue' for a creator ilistanee than neces¬ 
sary. With a capable a>si-ianl. who undmstamU the art of spon^dri};. it is 

nearly always juissildi* to stc the blie.liiu: point, wlien it may 1 h‘ canubt us 

nearlv isfdateil as pos^dde bv the lit mo^t.'it witlnuit ba\ inj^ to resort to the repMj- 
hensible praetice of making a b<dd cra'-p in I be tlireetion of the bleediiifr, and 
by euttdiinj; as mneb tissue as the forceps will bob!, trust to bavinj; idnmpial tho 

vesstd. Finer pointcil liemostats have their pbu-e and are mtv valnabhi for 

nmro delicate work, but slmuM be useii with increastd earn ami eircumsptH’tion. 
Where a vesstd has relraete<l into the tissues and cannot bit idampi*<|, it, is good 
practice to surround the vessel witli a tine suture ami then tie. 

Hone bleedimr can usually be stoppi-d by very hot, wet ciunpressoH and 
pressure, or bv breaking down tbe Im'uv wall of tin* clianncl in which (ho vesuol 
cour.ses, or iilugi'inir tbe canal with a sii-jnnl eatmit. 

Pedicles.— l.arec jieilieles', eontainine a nnmbcr of vessels, slnniM nevtT Iw 
tied ( 71 )}i(is.s(', but slmubl be separated into as many ilivisions as can be dono 
conveniently and eaeli part tied ofT iiidiv i'lually. 

For tho nicest results in cNtensive ilisstytimiu, say of the axilla, for earcino- 
rnatous Ivmph ikmIcs, it is far bet it r praetice to lie olT each amall vein as soon 
as oxposv’d, by means of an aueurvsm nis-tllc and iloubli; ligatures, rathe.r than 
dejicnd on clamping ami snb'e<iuent ligation, thus avoiiling tho ilrag of many 
clamps. 

!Mnnv surptHius after elaniping bleeding jioints twist them instead of tying 
off. For small vessels this is a matter of choice, but. it should never bo dono on 
largo vessels. 

Olio should never ile|x*ud on cbemienls to elus-k bloeiliiig other than surfaeo 
hemorrhage. Tt is proper enoULdi to apjdy ntlremilin or siiniinr snbstBneo,s to 
bleeding skin or mnetais membrane, but not to tin* thsrp parts of a wound wbiob 
is to be closed, for tbe action of tbe hemostatic rannot 1)0 depended upon to last 
long enough to f)ennit firm clotting in the tlivided vessels, and so hidden hemor¬ 
rhage may occur after the wonml is elosed. 

There is no step in operative technic that pays a higher reward than is 
received from a complete stoppage of all bemorrluge. With a dry wound, with 
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vessels carefully tied so that larf»c masses of strangulated tissue are avoided, 
the healing should bo prompt and satisfactory. Where subsequent bleeding 
occurs tlio tissues arc forced apart ami a most suitable nidus is formed for the 
development of pathogenic bacteria. 

Excessive loss of blood is a most serious factor in producing shock and post¬ 
operative fatalities. 'J’ho surgeon has already Ixx'ii cautioned to carefully clamp 
and tie tho bleeding vessels as .soon as possible, and tbiis avoid hemorrhage of 
magnitude. If heriiorrbage of serious degree has already occurred the loss of 
bloorl may bo comp<;nsated tor to a fairly .successful extent by tho exhibition 
of normal salt solution, '1 bis may l)e a<huiuist(u'ed in one of three wavs: (1) 
tho saline, at a toni{)(jrature slightly higher than body heat, sar 10° to 42° 0., 
may ho injected directly into a superficial vein; or, (2) introduced into the sub¬ 
cutaneous ti.ssues; or, (■]) injcct<;d into the rcctuiu. Saline .so administered is 
rapidly pick(!(l up l)y the blood, and being of tlu^ same density as blood scrum, 
18 perfectly in(‘or|)oratcd into tlut blood curr(*ut. I be addc<| watcrv bulk gives 
tho heart .something to work ou, and also furnislu's a V(‘hu‘h‘ f(U' the rapidly 
forming red cells thrown out by bone marrow. direct blood transfusion is a 
more ideal procedure, but does lujt ])ermit (d‘ emergency Application. 

Sequestration Anesthesia (Sawbam).. — l»cl(cr than re|)airing the damage 
iloiio by heuKjrrhage is to con.'<(>rve tin* bloo<| beforehand. In cases where* 
hemorrhage is anticipated, or the patic'iit is niucli enfeebletl, the priia-ijde of 
aequesiration anemia, as advocated by Dawbarn, is to be riH-oimuendod. Its 
upj)licatiou is as follows: At tin* lime of, or ju>t ])rior to, opt'ratioii one or 
luoro of the limbs are surrounded I»y a constrictor, h'or this purpose*, an clastic 
bandage, ])referably a ptire gum bandag** of hsmarch, is wound tightly ami 
.quickly ahoiit the lind>, at or near its juiu’tion with the trunk, shutting ofT 
the eirctdatioii, smhU'uly and eoiuplefely. One or two, or all four extremities 
may thn.s l)c treated. In this way a large ainonnt of blood is .seqm>strrtted. .\n 
operation upon the h<>ad, nock, th<irax, or abdomen may then be performed. 
.\11 blee<liug ])oinf.s, however small.- having been caught and tied, the bandages 
may then be successively remov(*d, thereby turning back into the general cir¬ 
culation a (piantily of blood. Kemoval of tin* baud:ig('s iiiav be delaved until 
the patient is iu bed. It is better not to remove them all at once. Care shonbl 
be tised not to leave them on to(' long, lest palsies or disturbance of the cireti- 
lation and ntitrition of the limbs ensue. 

In amjuttations or <itb.er tijicrations on the extremities, where a bhvidless 
field is desired, the lind) to be ojx'rafed iipm may be rendered blrsidless by the 
U.S 0 of the Esmarch hamjage, but the operator should invariably remove the 
banda.ge before closing the wound ami be sure to clniup and tie all bleeding 
vessehs. lo make pro|xn’ ajiplication of this method T prefer two F.smareh band¬ 
ages, 1 he limb is raised ami stroked toward the trunk. The bandage i.s wound 
on .spirally,(]uite tightly.be.ginuing at tin* extremity and extending up to Searpa’a 
triangle, nr the insertion of tlie deltoid, as tho ease may lx*. A pad of ganxe, 
or simple roll of gauze bandage, is piaeed over the femoral or hraehial artery. 
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Thi« roll of baiida^p shotjM havo loiij; axis furiii ait acuto aiifflo with tlio long 
axia of tho vos.m‘ 1, as to itvcrlii-, and 1 k' luarlv hiif imi (jnito parullci to, tho 
voatifl. Tho .so<>oiid K.-iiiari-li liaihlaui- is miw Jla^s^•^l oinMilarh altoiit tlto liuih, 
ooviTin;; tlie gaii/i* plui,' nr liainlam-, flio arlort lu twcHMi tho giiliXO 

and tlio Imiiio. 1 hroo nr I'niir turns .*t‘ tin- -omul h’.Miiaroli handam' is siitlioiont; 
it is fhon olaiiijtod or tiol in piano. I lio lir>t lM>niaroli Itaiuhnro is now roinoviHl, 
and tlio lind) will Ik* ftnmd inniidctolN aiu inio. Caro niiist ho tahcai that tho 
prossiiro on tlio artorv i> nut oxoos-ivo. so as to hniiso it and its aoooni]>an,ving 
norvos. 

An Esinarclt hnndaiio appliotl aliout a liinh sthiidi is lillod with hlisal, or 
whore tho haiidaiio only sorvo- to rotard tho \onons flow wilhonf ohis'king tho 
arterial supply, is a nni-anoo; tho limh oontmni's to oo/o vonons hliHul from 
every little vessel and no sat isf'aotory \ ii \t oaii ho ohtainod. 

For hiirh ainpiitatioii of llio line'll, ttlu re an Fsniaroh handaoe is of no avail, 
^lolhirnov hit upon the olo\or plan of makinir a small inlorninsoiilar inoision 
thronL'li tho ahdominal \tall in llu- iliao n "ion. riiron"h this an assistant oan 
eonipros.s the ooniiiion iliao artors aeain-t the hrini of tho pelvis, oomplotoly 
oontrolling all honiorrhuLio. similar ]lr••<•o<!nro oan ho done for tlu* sidi- 
olaviaii, hnt roipiiros a more ili«niniinatinir tonoh on the part of tho assistant 
doinj; tim ooinprossion, owiny t< the pro\iniit\ of the hraohial plexus. ('I'he 
writer rooalls a ease of paralysis of the arm lastin^^ six months from too wide u 
field subjeeted to pressure.) 


TKAUMA TO TISSUZB 

Tt i.s .snrjirisint: \\hat a lot of ahii'O the ti-siios will st.and in the ahsonoo of 
sepsis, hut it is far wiser to show ilu" ImkIv strnotnros | 0 'opor rospoot and not. 
snhjoot them to noodlo-s in jnr\. Part - -lifiuld never he torn where they oan he 
<*nt; needless pinohiiiir \\ilh olamps. foroops. eto., is harmful, and |irolonp‘d 
severe retraetion hrnises and temporarily j)aral\/.es mn.seles and nerves. IVo- 
longi’d handling of intestines, and especially dragging on their mesentery, is a 
very potent factor in producing postoperative shock. .Mneh siihsequent pain 
may In.* avoided hy si-eini; to it that out nerves are not. inelnded in the Ii;ration 
of vessel.s. If out ner\'eji oan he ii|entilio<| the o]MTator slionld invariably pull 
the nerves a.s far out of the surroimdin).; parts as jiossihle, and ent a,way tho 
loo.se end in order that the out nerve may not lie. involved in the Hiihse<juent 
soar. 

BONE OPERATIONS 

The secret of Hneef*s.s in Ismo ojxTations is tlie preservation of the perios- 
tenm. A bone largely deprived of periosteum will nsnally mvro.sc-, hnt w'heretho 
periosteum is peeled off during the operative work and then allowed to fall 
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buck on tbo Inme it will ]3roiriptIy atlherc to the bone," and the vitality of the 
latter will 1)0 prcHorvcd. Sitiall areas of hone may he deprived of periostenin 
without Hiihsecpient necrosis; for tla; periosteum will hriduc across from the 
od^es of periost<Mim left intact, and if this hridf'in^ over oc(;ur8 before the vital¬ 
ity of the horn* is exhaustfsl all jioes well. If larj^c areas completely or in great 
part encircling the hone he denuded, the subsequent ms-rosis will probably en¬ 
tirely vitiate tlu; operative procedure. The beginner in operative practice shouhl 
hear in mind that the j)eriosfeum is more easily stri])ped from the hone than the 
HUrroumling tissmts can h(' fns-d from the periosteum, with the result that wlien 
the 1)0110 is thoroughly exposed it is denuded of periosteum, hut on closing the 
wound the periosteum falls hack into plai'c ami necrosis is avoided. .Ml cuts 
into hone should he as clean and smooth as jiossihle, and all s])Iintered and 
bruised fragnumts removed. In cases wh<‘r<.‘ the hone is divided with the iiiten- 
tioii of replacing the ends in apjiosition the ends should he so shaped as to make 
as good u lit as possible. 


CLOSURE OF WOUNDS 

loo much stre.ss cannot he lai<l on tin' iniportanci* ol acciiriiti' ajiposition of 
the parts in the closure ol wounds. 'I'lie small ainoiint of ailditional time spmit 
in aecomplishing this is well rc'paid by the incn>ase.l rapidity of liealiiii: and 
tho greater strength of the scar. It is not good, or at least retined, surgerv’ to 
close an abdominal wound with a generous retention suture passol through tho 
whole thiekness of the abdominal wall, trusting that thi' cut edges of the divided 
parts will he brought into accurate contact, whmi the sntiiri' is lied. Such a jilan 
is all well enough when gre.it haste is calh-d for, because the resultant .sear 
8(Wves in most instances siitlieieiitly well, hut there can he no a-'-iirance that one 
wall of the wound does not lie oii a slightly dillVrent pl.ine from the other, and 
while the skin may fit acimrately, the elninces art* that tho uuderlving tissues 
do not. 

In tho previous chapter we have discussed the advi.sd)ility of using ah- 
aorhahle suturt's and ahso tlu' value of hringing the j)arls together without undue 
tension. It is my practice to \iso as line a suture of plain calgut as will as- 
flurodly last until tissue agglutination has occurred. In the case of endothelial 
ti.ssuc, such as ])eritoiieuni, serous luemhrane. ])ia mati'r, I'te., this (H-curs in 2t 
to -18 hours t)r less, and the liner uuiuhers of catgut snllici'. h'or s|)Iit mu.sclc 
fil)o.rs wlu're the replacement is almost s])ontaneons tine catgut lasts long 
enough. W luux’ a muscle has Im'cu ilivi>leil across its lihc'rs, or where muscle is 
transposed as in a hernia, Ire.-ited hy the Hassini melliod, tlu' nnioii is much 
slower, and here it is nec<'s.sarv to employ a suture that lasts at least two wi'cks, 
for which puiqioso a so-eallcd 2t)-day tdiromie gut is best. The time for ab¬ 
sorption of ditferi'iit strands of catgut of the same size, or similar di'grec to 
which tlu'y have hiam idiromicized. depends on the greater or les.st'r amount of 
hhx)d bathing the parts where tlu; gm, is hurieil. Thus a 20-day chromic gut 
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Iluluitl liiii'u tlimiil 


emplovotl tn sutnro niiisfloH, as iu a liassini i>jK*raliiit), may not last morn tluui 
tlie m|iiirt‘U - wis-ks, wIuTi-as. if i‘iiiplii\ttl to Milurr fas< ia, if iiiiylit last fho full 

110 <lays. hat is slow to hca! aiul at ilu* sjiim* liino shows oonsi<Icrahl«‘ olijivtiiui 
to the j>rfsfin'o of i-oar-o suture luaterial. \iliii-li js-culiarifv of tho fat may ln> 
met hv usiiio a liuo Iiou alooiiialile suture such as -ill; or ct 
fI*aei‘U'l»s-Iierl. wliii'li s<‘rves li» 

(•Ios«* Ixifh tlie skill aiul suImmi- 
tanisius fat. I'o ilo tins a fairlv 
lojiy eur\iil luasllr* is usOil. ‘l lie 
Ilis'tlle jiierees the skill at a jioiiif 
aviay troui tlu* line of iiiei-iou. 
lS|Ual ill ilist.-lliee to the i1e|illl of 
the sulH-utaiK-ous fat: the iieeclle 
now jMMietrales tlu' .-kin aiul tin- 
full thi4-kiu ■S"> <t| tlie laf. el'o-si’s 
to the o|i]io-iit> sole, auil |)a"i'- 
tliroU”li tlie oppo-ite lal ami sl.iti 

111 the reverse iliris-tiou. ii|i|iiaMler 
at the skill at a eorre'|ieniliuo 
point to if.s spot of eiiltaiue; the 
suture is ot eoui'sf' ilrawn lhroiu:h 
with the needliv Si \(-ral siieli su¬ 
tures, are |>a's<sl al iuli-r\als. hut 
fin' iiof tied until all have he< n 
plaei'd. W’liiMi tii-il. till s(. ^nliires 
iirino the cut wall of fat and skin 
ill (dose eoiitaet, aiul it i-- surpris- 
iliLT how lew are iiei’ded to (do-e 
a wound of eoii'iderahle |eii”th. 
four or live sullieiuLT for a six iiieh wound, 
than elosine the tat hv huried eaiijui suiiin 

.‘^opiiratelV. In -ix or ejtjhi <!.e.s ai iijo-i ilic sutiiri-s have serveil their 
juirposp, are then removed, and liriii healini; without dead sjiaees is fho 
result. 

In curved imd.sion.s t)ie sutures should 1 m- jia.-sed so that they correMpond to 
the radii of the (drele or curve on which the incision was made. 



I |.,w| I s. jii, Il|i|. I M fli^n 

1. \) » »( 


it is a more riijiid methoil 
and iheii sewintr the skill 


At r.ne time Afiilii]’- elij's mid siihcutmu-oim skin elf.sure enjoyi-d eotisideriihlc 
popiilnrily. hut one -et - ()„ in nineli h-.. I.niet now Ihmi formerl.y. Miehel’M 
clnmjis are ciiudl strips of metal with s),;,rp pronirs at the i-nds; |,y means of n spei-in] 
holder niid apjilicnlor tla-e elips are jilacs) a.-ro-s th.- -kin w.nmd with its edifisi 
npproxiinati'd. then pre—ol into phus- and h<l.l l.y h. iinr sliudiily Iw-nl on lliemselvew. 
The ndv.nntaffe in their u-m- is siieisi. hut th.y only s.-rve to hold the skin nml provide 
no support for the underlyiiu? fat. The resultant sear is not as fx-rfeet as may be 
obtained by careful interrupted sutuririff. 
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Saboaticalar Satare.'—The subcuticular suture is placed by introducing the* 
needle with its suture into tlio edges of the wound just below the surface, and 
passing the needle buck and forth from one side of the wound to the other. 
Thus we form a continuous suture without the ohjection of the numerous needle 
punctures on the surface. The removal of tho suture may bo somewhat trouble- 
Boino and tho apposition is not very perfect. 


DRAINAGE 

When to drain and when not to drain is a problem that taxes the experience 
or guessing powers of tho surgeon to an annoying degree. In tho presence of 
infection the.ro is no qiiostitju ; there is hut quo rule—and that is to drain. But 
for tho bordcrlino ca.si's, or whero there has lu-en uncontrolled slight oozing, it 
may bo worth while to ch)so the wound, trusting tf) complete operative asepsis 
to avoifl trouble. Rather than take tho cdiam-e in doubtful cases, 1 prefer to 
drain, using, how('ver, otdy a v(!ry small drain of gauze or fohled gutta-percha 
tissno led down to tho suspected point; in tw(> or tlin'o days this may he re¬ 
moved, insp(!ctod, and replaced if <!oiiditions warrant. Its presence for a few 
days retards ultimate healing very little, ami may Ha\e nnich distr('ss. 

Whero frank drainage has to ho employed one should respect the laws of 
gravity and physies. Wherever i)ossihI<‘ tho point of exit of a drained wound 
should ho at its lowest point, .so that the di.schargcs may ('S(•a|)(^ by gravity; 
whero this i.s inipraeticahle we niu.st dej)eml on fla- capillarity of the drainago 
material. If gauze he tlui material <*nipIoye<l, as soon as the gauze is saturated 
it should ho replaced, ho it (S or tS hours, for the gauze will only hold so much, 
and w'hen soaked it fails of its pnr])ose. 

Tho only other point to he mentioned hero in tin? drainage of wounds is to 
SCO that tho oritico tif tho ilrained tract is huger than any of the underlying 
parts, and that the channel is as .straight as j)ossil>l(>. It is folly to attempt to 
drain and heal up a largo h\iried area through a small .skin oritice. T.aying tho 
BUi>erficial tissues wide open will .save much time, distress, and risk to tho 
patient. 


DRESSINGS 

Tho application of gauze to a wound, open or closed, serx-es a threefold 
purpose: (11 to absorb moisture and disehargi's of the wound; (21 to prevent 
objectionable material from coming in contact with tho wound; (31 to .servo as 
a splint for keeping the parts at rest. Plain, dry sterile gauze is the most 
efficient agent to accomplish the first pur|»ose. The same material servos ad¬ 
mirably for the secoTul, and if helped out with cotton is very satisfactory for tho 
tliird, unless absolute absenoo of motion is desire<l, ns in cases of fracture whore 
some rigid material must be employed on the outside, as plaster-of-Paris. 
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Too little Btrt'sa i« Iniil nn the mluo of ro#t of the iwrts nfter o|H'rHlioii, luid oiio 
may fr«|iieiitly m-e the dr»>-.siiin of a |H•!«t•^lJ^*rati^ e wound h-fl to one of the jtinior 
hoii^“ Htarf, wlio h.i.H ne\er ri'iiiveil }>r<*|HT ill^t^n^•tion oiT the unlijivt. Take for eJtuin- 
pie a itiniple eliv!it«<l upiteiidei-toiny wound. Tlie iiMial pr<ve»'»lnre is sonielhinff ns fol¬ 
lows; The .suivt-oii mid lii,- priiieipiil n-.-i'tmit'- lii»\e idoMsI ihe w'oiiiul nnd turn nwny. 
a junior pliii'e^ a >iipmre of (.Mii/e on tin- winind iin>l over that pn-sM's n eon]de of 8tri|M 
of iidlies)\i- plaster; a Imnlt r iiiay l>«- then put o\« r all. Now, if the patient have a 
fairly full 1 1 11 \, tlh' \I*, if put <>m it Nrltloiu is), or tlu* 

hinder, may si rve well eiiouyh l<<r a splint iiinl kts'p the ahdominal wall at H'st. If. on 
the other hand, the patient he thin, or with a eoiilraeletl helly, or proiuiiienl anterior 
lliae spiio-s, no proper support ha- Im n ^ixeii 1 hose who applt the ilrcMsin^s and 
who t.iluc till- eointort id tlnir patients sjioiild s|nd> eaeh ea-e and mark its iieeils. 

1 4*rsonally, 1 make it a jiraeine to nsi- sh.ikeii out llntTs or hamlkereliii'fs of ttaii/t', ami 
with lliesi* luilld lip a dressing; W'lilidi will slilootll out the 1 III'ipial 1 1 les of thci t'li^ion 
alsiiit the wound, so that win ii the h.indai,‘e. adlie'ue. or hinder IS applied, a iiiiiformly 
tirm hut li>;lit pn-siire is <\t iil_\ distniaitid om t the p.irts. servinn h* keep the imiseleH 
at rest. 

i Ins is well illii-t raiisl in oiierations for In inorrhoids, where the anus has Ins'ii 
stridi’hid. ()iu* ol till ^'reat diseiiinlort- tollnwin).; tiieso opi rations is from the siitf- 
^ 111 ^ of the entire piniieat tlmir due to the nl.iNed levator am miisele. Tins mav he 
Very laryi ly rilievisl hv hiiildiiin up a pvrainid ol (.'aii/e. Ilie apex of whieli impinges 
oil the anil' and the plane of the hu'e i~ on a h v i 1 w ii h the I ills r iselii i. The T hinder 
hold' this wed>.'e III ]ilaee and the iieriiieiim is i-iven ]iropi r siip]s>rl. wliieli it does not 
receive fruiii llat slieits of i,MU/e, no matter how m.iiiy in niimher. 


USE OF INSTRUMENTS 

I liti illii'tniliiui slmws a tew id the onliiiiii v iiistniiiicnts, iiinl an nx- 
plaiiiit iiiii id llieiii iiiiiv aid llie lieomner in laviiio the fniiiKlal imi nf liis ariiin- 
iiieiitariiiiii. .\ ^reat varielv of iii'trniiieutH is needeil lur ,s|ieeial work, anil 
sueli iii.stniiiieiit.s will Is- iliseussed nmler the ile,seri]»lioii of tin; s|s>eial oja'ru- 
tiiin.s. 

The kiiift? .sliow'ii is of the “full hellied ’ ty]»e already referred In, nnd tlio 
ojK'rntnr .shiuild aomii he eaiitloiied to do llii' enliin^ with the |iroiniiif‘iit part of 
flic hlade, and imt de[M*nd on the point to “siTiiteir' throiit;h the* tissin’s. 

Two artery ehiiiips are shown. 'Ihe one with the hliint. lliiek tifis is to Imj 
n^'iiiiitneiided for ^-eneral wnrk. a.s the eonii-al Jilade.s airl the lioainre to slip 
off on to the tip of the ves-el diiriiitf the aid. of tyiiifi'. and tliis hiniil iiistriitnent 
i.s les.s liahle to piundnre into .siirroniidiiiL’ tissues while elaiiipiii;' the hletsliriK 
lK>int. The finer nosed toreejis .should he iis<-d with iiiereawd eare. 

It will lie noted that tlie .seissor.s .shown are ijiiilu heavy, hliiiit-tipjKnl, and 
the Vdud(‘.s ipiite .wliorl, with rcl:!fj\t'lv N»iitr If. is very seldom that the 

surgeon is railed on to make a cut over an iiieli or two in leiigth with Ids muH- 
9ors, and eon.sovpiently it is iiiH'dle.ss to have the blades longer than two iiiehea. 
The longer the handles are in proi>ortioii to tlie Idades ( witliin reahoti, of eotirw;) 
the more easily the euts are made, and with less fatigue to tin; liaml. Sliarp 
pointed scissors are very’ liahle to pnnetiire stirroiinding strijcdures unless great 
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caro be used, and present no value for delicacy of work over blunt-pointed ones 
• k luui, tli(? \1.S1„I1 IH less obstructed bv flu; iiistrimicnt itself thiw 

- ... ti... ... 




.. . 



I’Ki. J. .\HM)lirMl..vI' I.K Ix.vriti «KN1> 


Ihe other variety, the .uou.se-tootbe,l. .h>peuds on tlie sliarp teeth puncturinir 
tlu) tissues for uuuutaimn.v^ the j;rasp. They are much superi.Ir to thj dissecting 
on ops except situations where the puncture of the sharp te,-th u.av c-iusc 

In ord- ’ “ •'■""‘l-vessel or thiii-walle.l loop of intest'ine 

rdiiiarN work where the tissues are not injured hv the piinetiire of the teeth' 

• s for example the skin. uiUscle, fascia, etc., the moi.^too/hed f.>r. -p h^ 
a firnicu-.niid less tatimiiii. .rip and do less dauui.m. The verv Im. " Tf 
niottse-toothed forceps shown in the picture has slender blades of'unlLm 
aineter for a hirjre portion of their leujith. They arc particularly valuable 
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ill tloiiij; divp us tln-\ do jiof imorfVn* with the Hold of vision. The 

vorv dolioato small pair of forvops is oon.-inu lo*! jnst lik«' (hoso dosorilKnl 
i«.\<*opt tor tlio si/.i*. Tiny aro parlicutarl\ iiM-fii! in iitwrliiitr Muall holI()\V 
'tmiip> liki- till* stiiinp tit an ainpulatotl apjH'inlix or tlic dividt il rystio iliiot after 
'Jioii'fN stiftoni\’. 

The ton -ion t>r .•-|•rinoof a pair of ftm-ops dcpoinls on in*livi<lual olioioo, lint 
1 fintl tliaf till* foroop' that r<'t|niri‘ ilio Ira^t pr^‘^■.llr<‘ to oltiso llicin ami yot havo 
Mitlifiont ii"'iliono\ to relax llieir lioM tin llie li'-nes art* jileasantest to use. 

1 Iiere i> tpiile a little nuir>enlar l•lloll expended to Ivcep a llrni urasp on llio 
tissues, ami it ilie 'prinir is 'Irono ami ilie ojieralii>n lenalliN the fatiirne fi» t.lio 
tinkers is very inarkeil. 

1 wo prohes are »ho\\ n. 1 la* one i- ilie n-nal line silver prohe. and tlio 
lillier nmeh lar"er in <iianieti’r aiiit I'lnaer. Im'IIi have hnllitins lips. It is 
almost impo"ihle to miide the ‘-mall ptMl,!- .ilnie.' .1 l•)o^l|^ed 'inns, the diameter 
lit the oritiee of vvhieh I'- the •-i/e ot. or hill !illli‘ l.iiL’i’i' lliaii. that of the prohe, 
vvithoiif havino ihi' jiiohe pnnelure inte ihi -ui iouimIiii;.’ Ii-snes ami make a new 
tract lor ilselt. tlnis oloeurin” the intoi iii.il mn -oii.'lil \eailv all sinuses that. 

• till* siirueon seek' to explore vv iili a prol'e .iie •'! '•nllu ieiil -i/e to aiiniit the larj^i'r 
iii'trinnent, pi'oviileil the oritiee heenlaiaiii hv a 'li”hl ent or-Iretchin;,^. The 
lariter prohi' vv ilh it- heav ler eml i-- It -s prone to toici‘ its wav oiil of the siniiH, 
and with a little niani|inlalioii iml iH-mliiiL' ol the piohe a fairlv crooked hinns 
can 1m* satelv explored t'lr some di-tanei-. 

IJetractors, except the verv i‘oarsesl. .in’ with ililliciiltv held in pla<‘e nnleHS 
the retractor Ini' it' toe Inriii'd h.n'kvvaril t>ir a 'ImhI ili'laiu'c, or else terminat 4 *M 
in sharp proin.*'. ."''li.ii p proin'eil r'lra''ioi' are lo he H'e*! ciri*iiiit'peetIv, for 
they ea.'ilv niav caii-e <l.iiiia';e h\ pnni'liire. Ilie 'inaller relractoi’s shown in 
the picture are verv pi .iil ic.i 1 v.irii'iie' lor "eneial iim'. ami oihers o| varioiiH 
sizes, hiiill oil the 'ame plan, are 'iiitahle lor l.ii’oer ami deeper work. The 
lar^n* jiair 'Iniwn m the 'oi'.illeii "irowel leirai-lor ot I hihl. Thev are de, 
siirneil ami e~|iei'iallv aiiaph’il lor pelvn- work ihioiiL'h ihe aluloineii. Thev aid 
in keepinir the siirroiimliiiL’ slrm*liir<' Iroin 'li|ipiii!_' inlii the pelvis, and .s(*rvi! 
a.s excellent li"ht reliei-tors. 


OPERATING THEATER 

Tt won 111 Ive a verv ditlieiilt matter to pri'seriln* the arrantfi'ment of tin op¬ 
erating’ theater and it' aeee"ory riMiiii'' which woiihl niei*t the approval of a 
majoritv of siirL’emis. Ifverv ojierator ha- his own imiividiia! ]irefi*reiieeH lijised 
on enstom ami exjierience. am] if called <01 to hiiild an operatin^’ ro»tm w’oiild 
incorporate liis jM'rsonal views, l.ikewi'i* architects .should not hiiild a Hiirf’ieal 
equipment without coiisiiltinL’ tliosi* who will have to n.se it. 

There are eortaiii treneral jirineiph-s afrreed on hy all that it may U* proper 
to mention. Forenurst of these* are snitahle lii.dit and ventilation, iieecHsihilitv 
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of the various parts of the plant, and a construction that pcnnits of a high 
degree of cleanliness. 

Light .—The l)C8t of all liglits is bright daylight (but should not include 
direct sun-rays), and to accoiupli.sh this an overhead skylight either flat or 
slightly Hlo2)ing-toward the north (in the northern licmisidierc) furnishes the 
most satisfactory natural light. 'I’he skylight should not be placed so high 
above the floor that a large amount of light is lost, and the skylight should bo 
sutliciently large to amply cover the space occupied by the operating-table and 
its surroundings. Ordinary wall windows are well enough for lighting if the 
operative Held can be brought clo.se to the window, but such light entering the 
room horizontally, or at an acute angle, is of little u.se for illuminating a deep 
wound. For perineal work a side window light is of the greatest convenience 
and satisfaction. 

Electric lighting is the be.st of all artificial light, as.it is safe and clean. 
For ordinary purjioscs an el(K;tric. fixture with halt a dozen bulbs placed so as 
to throw their light dircvtly downward onto the table is a very satisfactory 
arrangement. This may be further supplement(‘il by one (jr two i)ortnble 
electric lamps e(pii{)ped with retlector.s, to be held by an assistant or fixed to • 
an ndjusthblo stand so as to throw the light at any angle desired. 

For thoroughly ecpiipped operating theaters the plan of using reflected 
electric light has re<‘cntly heen adopted. The principle is as follows: A pow¬ 
erful arc light is placed in a room adjacent to the oi)erating-rooni ami through 
a hole in the wall the light fnau the lamp, gathered liy a h'lis into a beam of 
parallel rays, is projected into the operating-room and cast \ipou a mirror 
fastened on the opposite, wall. 'I’lie lamp, hole in the wall, and mirror are 
all several feet higher than the heads of the operators. 'I’lie mirror i.s 
swiveled and can be adjusted to east the rellected light directly, or by other 
mirrors, on the operative Held. The advantages of this method are a stronger 
concentrated light cast directly on the desin-d Held, and a very large dim¬ 
inution of heat, as the are lamp is j)laced some distance' away and in another 
room. 

■ A much more expensive eepiipment consists of a group of mirrors on which 
the beam is Hr.st received. The surfaces of the.se mirrors are not in the same 
jdane, but are placed at slightly ditTcrent angles one to another. From thi.s 
battery there will be reflected as many rays of light ns there are mirrors in the 
battery, and each ray will diverge from the others. ’I'lieso various secondary 
beams are each caught on other mirrors, which in turn reflect the light so as to 
concentrate all the fays onto the desired Held. The ndvnnt.age of this plan is 
the absence of shadows. Where the light comes from but one retleeted beam it 
is very probable that some object, say the surgeon’s hand, will get into the path 
of light and thus cast a shadow; whereas, with a “battery” of seven mirrors or 
BO, we have seven rays from different angles concentrated on the field. This 
would require seven objects, each placcil in a seitarate path of light, before we 
would get more than the faintest shadow. An equipment of this sort has been 
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in uso at the Prcsbvtorian lloitjntal of Now York and liua j'ivon great Mitiafao* 
tion. 

X*o matter liow well t'tinipjHvl with ehvirie liglit. an ojRTating (heater ia, 
tlien'* should U* soiiir ««*fe>sorv *\ >ti-ni wliu-h iiiav 1 k‘ juit in iMiumiaMion 
on the .'horti'st notie<‘. ’I'ln- !»»■>( for this is gas. hurning in ,invert«'<I 
mantles. Tho liuht is |»tiw( rful. stoadv, and eh an, hut, of eotirs<* throwa 
out mueh heat and jiresents tin* dangiT ot a iiak<*d (lame for ignition of ether 
vajs>r, ote. 

Ventilation.— A vi-ry hieh tomjwrattire is not. e,sj.t*ntial in an ojs'rating- 
room, hut the jnitient -linnhl l»- protis-ted from all ilrafts an<l (ho air of the 



room fihoulil 1)0 a.s fre.-h as j»o>«ihlo. I Im-1io\o a 1<’mjMTaliin! of 1’. (li 1(’.) 
ia unite warm enough. j)ro\ iile<l ther<* an* no flrali**. anil the drafts ean he avoidt'd 
hy keeping d<Mirs and \\indow.~ .*.11111 it ,-ome (uriii of artilieial ventilating svs- 
tom lias heen installed. iMigineers and an-hiteels who niav 1 m) engaged in 
e<jnipj)ing a ventilating svstem for oj.era ling-rooms shonhl he insfnieteii to 
make the ontranoos and i gre-'-es for air larger for operating theaters than for 
ordinary ris»ms, to in.-iiro rapid removal of the iineslhelie vapors, and to guar¬ 
antee very porf(s*t ventilation without reaortiiig to ojiening the windows. 1'lm 
air entering the room ,*.11011111 jia.-s through some sort of w*r(s*Ti or sieve to remove 
palpable particles and dust. 

Accmible Secondary Rootiib. - In ad<lition to the <)js'rating rismi jirojier 
there slmiihl lx? in elo'.e eomimiiiiealion with it a nsmi in whir-h the stalf may 
dresa and wash, a aterili/ing risun for jirejiaring siirgieal jiiaterials. and suit¬ 
able storage nvnns, together with a r<K,m devoted exelnsively to aiiesthetizing 
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the patients. The perfect sealing of waste traps, with which modern plumbing 
is provided, offers but very little risk of contamination from that source; and 
so basiiis and sinks may bo placed dirc<itly in the operating-room, but they add 
to the labor of keeping the operating-nxjin as dustless and clean as possible, and 
hence it is far better that all plumbing and fixtures be placed in oue of the 
adjoining chambers. 

Cleanliness. —The material and construction of the operating-room and its 
accessory chambers should permit all parts to be tlushcil out with a hose, play¬ 
ing a generous stream of hot water, without iu any way injui iiig the surfaces. 
Marble or tiles set iu Portland cement have' been the favorite materials for this 
purpose and are ideal on account of their <lurahility, STUooth surfaces, and 
beauty. Such an opiijnucut is e.xpeusive, ami for all ])ractical ])urposcs Port¬ 
land cement well troweled funiishes an e<|ually gtiod surface, but lacks the at¬ 
tractive appearance. ('oru<*rs, whcrev<‘r possihh'. a"n> rounded, and all wood¬ 



work should 1)0 free from grooves and mouldings and painted with hard enamel 
paint. A numher of patent iloorings have been used, but none are .so good ami 
lasting as the marble mosaics set in Portland eeiueiit, or the plain o-iueut itself. 

Fnmitare.—The prime rccpiisito of an operatiug-table is that ifs height is 
such as to permit the surgeon to do his work witliout unduly .stooping over. In 
addition, the table should bo adjustid)le, allowing the ]>ati»*ut to be |)laeed and 
firmly held in various postures adapted to the work at hand. 1 know of no 
better table than the one that bears tla> iiaiuo Francis .Markoe, or the Tlartley- 
Murray table. This table is of tubular metal frame, metal edg('s ami brace.s, 
and may be equipped with a glass or sheet iron or copper, iiickel-plnted top. 
It permits of being adjusted for the Treiuleleuhurg. lithotomy. Hartley, Rose, 
and other jwsitions. The Cunniughnm bridge is al.so furnished, elevating the 
waist of the patient while lying on the side, a most valuable fiaiture in kidney 
operations. The drainage is ])rovide<l for in a very satisfactory manner, and .a 
lioop of iron to Iw drai>ed with a curtain shuts off the anesthetist from the fiehl 
of operation. 

In connection with operating-tables it is proj)or to mention the Bentley- 
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S<]uier’8 jHirtnblc tublo. Wliilo nc't as n fniture <»f j>onnanont oporot- 

iiij;-nH)in tlu* t.ibio i-j a ust-fiil aiijiiiu-t to fho aiir^nm’s kit. 

'I h(* tubl(‘ <*an Ik* fiibb-d info a small spa<a* 
and i.s of lifibt \xi*i<;bt "o tba! it nia\ W . asilv 
transported from bou-c to house for work in 
private. When in ]><wition the tabU> is verv 
riffid and i-apable of .vexcral ailju-tmenls. 

Jb'side the operatinstable, the operatiinr 
r<Mim should 1 m‘ ecpiipped with si-veral tables 
anti stamls tor in.-trunienfs. ilrt'S'inirs. and 
{rbtve.s. A verv servieeahle f\pe for iustrii- 
nienfs is that of Kellv. I bis i- ti..uallv fur¬ 
nished with a {ilas.s top. hut one of .^heet iron 
is just as useful, lasts loiiL'er, and is eheaper. 
llantl ls>wls and irriaatin^'- stands shown in 
the eut.s e.xjdain themselves. 

W ht'Il in use the tables should be tlrapetl a, 1 I*nii IUiwi«. 

with sterile sheets,- and on these the sli'rile m 

stnnrfimfs, dressiin;'. etc., are placed and eoxereil over with sterile lowelri. 

POSITION AND ARRANGEMENT OF PATIENT 

Poforo lieiiiL' iinc'theti/ed tiie patient, should he elofhed in a eunloti flatinol 
f'owii, with the openinji' iti the h.icK. permilfinir its reimoiil atnl replaeennMit 
while in the |•^‘eunlhent po.'.iiioii. 1 hen- shouhl also be prn- 
vitletl a pair ol l<ios<‘ stiN'kin;? like f;arinenls of eantoii llannel, 
reaehiin.' up to the knee. 1 he hair is eovi-red with a rublK-r 
hathIno-t'ap. I hn- clad, and eoveretl with a lifiht but, warm 

hlankt-t. the ]»atient is well proteeieil while ftikiiif' the uneH- 
thefie. IvillL' eillieroli a slrelehefor ill Is-d. 

(>11 the operaline table the jiatienl should lie, on a soft pad 
to serve as a prolidion aeain-t the ^la-s or metal top of fbo 
table. Care is taken to .se.- that fin- patient's iirniH or le^rs do 
not lianir over the edee of the table, proilueinjr a pressure that 
mav result in a verv aniuiviiif.' jiaralysis. 

'I'he site of operation is now e-xposeil, the final Hferilizntion 
friven, atnl the whole body covered with a sterile sheet reen¬ 
forced bv sterile towels, leaving' tin* ojs-rative area free. If 
tlie field Is* a stnall otie a bole of suitable si/a; in the sheet 
makes a verv jiraclieal arrangement. If a whole limb is to lie 
in view, tin* re.st of the ls»dy is covered as des<*rilK*d and the 
limb in ijue.stion rests on slerilo towels or a seraind smaller 
sheet. 

If the opr*ration lx? alxait the face or neck, the nib1x*r cap 
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is covered by sterile towels, and towels are so-placed as to leave the desired paiis 
exposed. 

For operations on the back the patient lies on the abdomen; but care must 
be taken that one shoulder is supported on a sandbaf; so that the breathing is 
not restricted, and that the ann of the nn8up[)ortcd shoulder be alongside of, 
and not doubled under, the body. For perineal work the foot of the table is 
lowered and the thighs strongly flexed on the body anil alxluctcd with bent 
knees; the buttocks are raised slightly on a sanil-bag. To maintain this position 
the ro<l8 and stirrups with wbieli most tables are equipped serve fairly well, but 
personally I prefer tlio C'lover eriiteb. I bis appliaiu'C! consists of a telescoping 
rod of metal capable of being ailjusted and claiiqa-d at varying lengths, each 
end of the rod tenjiinating in a leather strap to be buckled below the patient’s 
knee. A long strap is passes! Isdiind the ])aticnt’s neck; one side passing in 
front of the shoulder, the other passing through lli<! opposite axilla; the ends of 
•this strap are buckled to either eini of the extension rod. With this device the 
tliighs can bo flexed and the knees abducted as ninch ns may be dcsiretl. 

The accompanying cuts show- the pafient in position for several types of 
oporation. In the Trendelenburg position the hii'ac^ between the body of the 
table and the footpiece should correspond with the kina’-joint, and the braces 
against which the shoulders rest sluudd be so adjusted that a giMid part of the 
patient’s weight is supported by tho shoulders rather than let the patient hang 
by tho knees. 

In tho “Rose” position tho head hangs over the edge of the table. This is a 
most useful position for operation in the month, as, tor examjde, resection of 
tlio superior maxilla, the bhaal neci’ssarily accumnlaling in the back of the 
pharynx being less prone to enter the trachea. It is jilso tin’ correct position for 
introducing the tube when intratracheal insnllhition is to be employed for anes¬ 
thesia. In operations on tlio kidney through the lati’ral route the patient lies 
on the siilo with the waist line resting on the "('nmiinghiim bridge.” The 
bridge is then elevated, wbicli wbh’iis the ••osto-iliac space and crowds the kid¬ 
ney nearer tho surface—a great comfort to tlie surgeon. 


SURGEON’S DRESS 

Operating dross is subject to the dictates of fashiim and indiviilual ta.ste, as 
are other articles of clothing, and one can hnt mention one's personal choice. 
The writer prefers n simple cotton jiyjama suit with short sleeves. This suit 
is put on when preparing for the operation, and while fnrnislu'*! sterile, as a 
matter of routine, no nttoinpt i.s made to keep tho garments aseptic. After pre¬ 
paring tho hands tho riihher gloves are put on and then a sterile linen gown is 
donned. This gown reaches from the ncs'k to well below’ the knees, is buttoned 
at tho back, and has long sleeves. Tho sleeves arc gathered at the w-rist with 
elastic bauds placed in tho puckering hem, or tujxis may l)e used. As tho gown 
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I* puf OH after tlio flu> sl.^.ves at t!,.. wrist lie H.iporHoial to flio Rauntlet 

O 10 j. o\e. Us H'lieve to U' a In'lter iiiul neuter nrrnii^siMnent tliun ilniw- 
liiir Lo ^laiint et of flie ol,o,. .o. r the I, over en.l of tin* sKvve. Tlio aWve of tho 
gown suoHi.l k. n.ade suHieientIv lo... so tin,, no n.oven.enf of fl.o an., .inu« 

on the entf, aliounij; a »ap ,o exist hetuvvn tlie si.vw and glov.«. exposing an 
arwi of naked wrist • i “K ““ 


A cap and a inask, if .IcMred. are tin t, adjust, d l.v ike attendant nurao. 
Iho surgeon, enjovuiir -.s.,! l.ealfh. who observes the ni.-..ties of the toilet aa 



KAfit Mask. 


regards the hygietie of tl.e n.onfl. and walp n.^-d f.-ar hut lifflo from them as 
sj^urccs of wound infoetion. If, however, the anrgeon suffers from a eoryza ho 
should invariably wear sonu; form nf month and now: ewering; likewise tho 
victim of dandruff slmhlrl w.-ar a cap. A variety of these, eoverings has been 
ft<lopted. Tho oomnumest form of ea[» used « simple cap of cotton cloth, 
which covers about as miieh of the snrg.s.n’s s^'alp as the ordinary hat, and is' 
well enough as far as it goes; hut the templea are left exposed and no as'suranoQ 
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given that perspiration from tlic forcing may not drop into the wonnd. The 
masks are simple 8<jnares of folded gauze with a tape sewn at each corner. The 
upper pair of tapes pass arrnind the head alxjve the ears and are tied behind; 
the lower pair pass around the neck and arc there tied. Such a mask covers 
the nose and mouth. The <;ond)ined mask and head covering in the illustration 
is the one that aj)pealB to me. It resemhles the ‘“casiiue” of a med'eval armor. 
It covers the entire head and face, leaving only a gemwous space for the eyes. 
Being in one piece, and having no strings to tie, simplify its application. 



('HAITHU IH 


srjuiit'Ai, am:.stiiksia 

K Mil, r«i\M i.i. 

INTRODUCTION 


The altolilii'M Ilf flu* 'S<‘ii,'<aliitn of pain. Inpcllicr with Hiirirical aocpHiK, liaa 
t inaili! jMKsihlc iiiitdcni >\irt:(Tv. 

I’aiii i.s alwili.'lu'd In aiiv jiliy.-iciil nr rhrmical a;jciif wliiiOi «UMpciitlrt for thn 
i' liiiiiiuMif fuiii‘li'111 Ilf fli(> >(‘iiMirv iicrvo fioiiiiiinl)'. tin* l■ollllll(•^iM^; putliN, or tlio 
; rctadvitiL; iiourmt-^ nf pain pcna'ptitiii. 

I Local Aneithesia. i Sic Uf-.iiim'. p. 71. Imii mu.) Tho iicrvo loniiinalu 

t ^ * 

I ami nimlm'tiiii.' path' iiro aflcd u|ki(i pin>ir.'ill\ In nild and |»rcKHiir(*, and liy 
' ofhor pliy.xii'al am'iil><, I Ik s aic ;m fnl iipnii i*lM'iiiii*;dly hy a ffioiip of alkaloid* 
liko iMidios, wliifli arc sc adiniiiistcn d a** Ic act Icciilly as Iraiisilory poiaonH on u 
jrroiip of nerve tcniiiiiiil.s or cii a selected nerse trunk. Tlie iidniiniNtratioii and 
(lcsac|. Ilf fill. pni«nii are sc a<l jii'ted as tc came the inininnil KVstenrn' elTiM’t., 

General Anesthesia, I Ik* rei-enioL'’ neurens. on the otlier hand, nr<‘ an* 
estheti/ed only hy ai;ents whose diffusion is t^eneral. Kor the moat part, them? 
aLTiifrt are volatile and (.Msemis dnii.'s. iidiiiinistered iisiially hy the pnhnoniiry 
route. Tln’v aI»oli»h first the function of the cereliral cortex, followial hy that 
of the ha.sal and spiinil iiindei, until filially in overdosa^n* the frreaf. vital oi'titerH 
reuse to act. 

hor eoiiiplefi'iiess there nniy Is* nienti<ined certain forins of atu'sthesiii inci¬ 
dental to to.xie overdosa^'e of alkaloidal ami other narciities. .\neHthewia ia also 
J)re.sent in (raiini.'i to the central nervous system, in the state of hypnoHis, in that 
of catalepsy and hysteria, in profound .sh<K-k, ami in tin* intenst! intoxication of 
varion.s di.s<*a.sefl. .\nesthesia .so imliici*d or iiceidentally present is o<*<'H»ioiinlly 
used wholly or in part for piiinless surgical pns’edure. 


LOCAL ANZ8THZ8U 

Txical anesthesia is .secured hy fenijwirary inhihition of the comliietivity of 
the nerve end.s or the nerve tninks disirihnted to a ;{iven arf*a, throii);h phyniral 
or chemical agents. 
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LOCAI. ANESTHESIA PKYSICAI. AGENTS 

Certain forms of eloftrioitv, of li;^lit, ami radio-activity are anesthetic, yet 
the only really useful pliysi(;al afients available for snrf'ical purposes are pres¬ 
sure and refrij'oration. 

Pressure.— -Inliibitiiifr the function of a nerve trunk by Iwal pressure or by 
a tifflitly constrietiiif' band is of historical interest oidy, since it causes pain, is 
uncertain, and may n'sult in loiif'-continiied or ])ermanent motor palsy. The 
only common (!xam|d(! of useful pressure anesthesia is that of pinchiii" up a 
spot of skin for the jiainUiss insertion of the hypodermic needle. 

Refrigeration. —indication.s and LtMiTATlONS.— Xumbin<i hy cold is use¬ 
ful for BUperlicial aiiestliesia and for the psychic etTect. in anticipation of 
])uneturinfr throtiffh the skin by necdl(! or tnx-ar or of a superticial incision. 
The anesthesia is su|)(!rti(*ial, inconi[)l(;tc, and transitory, and the discomfort of 
chillin|» often e-xceeds that of tin; surfiical jnocedure in hand. For deep in¬ 
cisions chilliiif' is at Ix'st an emerucncy makeshift. 

TKC'llNlC.- -'riu! traditional method is to [tack against th(> area pulveri/,('d 
ico and salt, e(iual parts, inclosed in a rnbl»cr baa for from d to minutes, or 
until the surface is numb. 'I'lie operation in hand is spcetlily carried to termina¬ 
tion. In olden days this chilling was r<'peat('il as succes.sive planes of ti-ssno 
were mot. Sodium s\d|)hat(f as tins refriiierant salt is more ('iVeetivo than .sodium 
chlorid. 

A more rapidly eilective method is the vaporization of the volatile liijuids 
upon tho surface. For (•.\ample, a line spray <d’ ether may he directcal aijaiust 
tho jrnrt, vaporization beinc: liasteueil Iw hlowini:. 'I'his results in suiierticial 
chilling of tin; tissue. .\s soon as the tissue begins to blanch and stilTen the 
spray is di.scontinueil, since* superticial anestlicsia is now presi'ut. Hard freez¬ 
ing is not desirable, for the ti.ssne e-uts witli more ditiiculty, the att('r-pain is 
considerable, and m*erosis may follow. 

Tho standard nu’thod of to-day is to <lir<‘<*t at the part from a distance of 
to 10 in. a sprav of ethvl chhnid held as a li<piiil in a commercial container 
1). The tissiu' is sujierlicially frozen by the rajddly volatilizing liquid 
within half a minute, resulting in transitory anesthesia. 


LOCAL ANESTHESIA BY CHEMICAL AOENTS 

Introduction. —(^hemical agents are mon* geiu'rally useful than physical 
agents. I'hey are for the most jiart alkaloirl-like. loosely combining nerve 
poisons of tho ciX'ain type, and act on tin* nerve ti'rniinals or the nerve trunks. 

Anesthesia by Action on Nerve Terminals. Sensory nerve terminals may l)c 
reached; first, by osmosis through mucous membrane and other absnrl>ent 
stirfaco; sivond, by hypodermic inje«*tion into and diffusion through tho lymph 
spaces—infiltration anesthesia; third, by bx’ul injei*tion into the scijuestratcd 
venous system of a given area—intravenous anesthesia; and, fourth, by inject- 
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ill;: tin* !iiu‘>tla-tic into tin* urti*rial sn|iii]\iiio (lii> (^‘siml im'rt—<»ml* 

;trti*ri:tl iiin‘-tlH‘.'ia, A iin lln>,I whii-li iiiav U* i!i'.iiii»i*<l witli a wtinl (‘oMaintii ill 
ilrivino the ani 'llH'ii«- i Iumiui mI in(<> llif li^'-tu' lo ••liH tric oiirn'iit »‘ataplmm»ia. 

Anesthesia by Action on Nerve Trunks. I'.niiro ri LOoii,"* nia\ Ik* unrstln'timl 
liv llic inmk'. nilnr 1>\ injiHtiii;; liiriftlv into tin* trunk 

iiilraiifural aiu^tlu'ia, or lo inliItration in tin* iu-i^:l)l>orlnMMl |H>riiUMirni 
aiioitlic'ia. 

llv injo’tiiio tin" a^'i-nt into tln> >|iinal ilni<I I'Nli'n-lNi’ i>f fin* l*<i<ly 





I*l<« I. lU > li \ 1 (''N >n I ' H M f III •*! <(• I lx • tin 1 • iilolhi < 'iht.niM r If <t> KprM.V u 

liiH ^Iri 'iiii ff'iin t -It'« t!i« « • » ).jt I. ti,. I.< I \ ip. - r ii I- - H I' fi 1 >1« tx ■) l»\ ) tl< >m till f h»' 

fftitlj ri ‘h-Mfx « "f i‘»* 'it 1“ II.- ‘i* N\li*r*flx ill I (i.i I.ti hilt )m'> Im I'uiiH fluflf il ;tlMt MlilTriM'il, 

• Upi rh« I'll itiH 'I lx -J i pi« i.f 

inri\ 1 m* ;ni<‘^rli(n/i-«l Itv tlifu* tit*- mtii^ iii flu* h|ini:i| cMiiitl 

.•>[iiiial or iiirraini-iln]l:ir\ ain -l 

Agents. - <■(»<,\|N < OIIIKI i- llio llio-l and of Iik-uI IWlfH 

flicl It a inaii.'.i \ .{'.ociiii't in-i ion a>-(ion. tonililio to n iidcT -Iry 

tin* o[a‘rali\i’ In-Id ami to |iio|on:.' tin- loc.il am--llii''ia. I’lic \ a)*(M'cini«lricfion 
inliiliil.s till’ re aloorption lo tlx- liloo,| |.|.i-ina <■( l)i<’ 'Inio fr-iiii flic nerve tiamic 
with wliii’h it lia- loo^nl* l■o|nlliIll•'i. lo the addition of adieiiiilin the viinn- 
eon''trietion is rendered more . llie union of the ani’'lhetie in tlie loeul 

an*a is nmre eoni|'!el<'. arie.lhe'-ia m im-i-ea-c-d in deplli ami in -Inration, alisorji- 
tion is de!a\ei!. ami the liahilifv to '.x-ti-mi-- iiif-nxication mmdi dimiiiiHlied. 

(’<K*ain ha- tliree -Ir.ii*Iiai-k-; fir-t. it i- nn-talde wlnm in .s<tlntion, lienee for 
Inl] anestlieti-* \aliie it mii'i Is- fr»-hh di.s-o|ved ; si-eoml. it is hir(:ely degtr< 0 'r->l 
ii_v KiiliiiL-^. heiiee ditiiiiilt to -terili/e; third, it is an excitant to the centra' 
norvou.s svstein of liiL'h toxieiti. ft should not Ik- ns<-d in (|naii<itieH ex<-(-(*<lin'_: 
• •.tt.'i grain aelnally to Is- ah-orls-d. Kven le«s ijiiantitieH than this frei|iieiitlv 
caiimi excitation of s[)cc--li and motion and canliac [lalpilation. Sudden denths 
from cardiac failure Inor- Iss-n a-< rils-d to mimifi- dosi-.s of the drug. 

Preparation of the Solution of Cocain. The solntions of ciHaiin nro mi a rule 
0 
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from 1/4 lip to 2 per cent, ()u(^half per cent, is the routine strength for 
minor operations. This solution may lx; safely used up to 10 c. c. for anes¬ 
thetizing the skin and d(X!per structures in minor oj>orations, or for cutaneous 
anesthesia in major pnKXxlure. d'wo per cent, is the jireferred strength where 
intense effect with little (listention of tissue is desire<l, as in acutely inflamed 
areas. 

Where the sterility of the solution must he un(|ue.stioncd oidy the .sterile 
crystals in scaled ampules from the manufacturer .should he \Kscd. These 
should Ix) dis8f)Ivcd at the time of use, preferahly in sterile nonnal saline 
■elution. 

For routine work it suffices to drop the coiumercial crystals or tablets into 
Water, or preferahly into freshly hoiled noriiial saline solution just as boiling 
ceases, ^’ho crystalline drug is permitted to sink ipiietly to the bottom. Thus 
contaminating pyogenic or other surface organisms, if ])resent, are washed off 
and killed in the hot upper stratum of water while tin; eocaiii dis.solves in the 
cool bottom stratum. 

A method more surely effective hut rarely used on account of <leterioration 
of the c(x’uin is fractional sterilization, i. e., ('xposnrc' of the solution on .‘1 
Buccossivo (Ja.ys to a tcmi>eratnre of fiT"* for ■ .j hour. \ method for largo 
quantities is filtration through a lierkefeld filter. 

Plain water is fnxinontly used as the solvent, hut it is in itself a cell irritant, 
produces pain, wat(‘rIogs the tissue and may injure the cells. 'I’liese are 
negligible factors with small injections, hut for use of considerable (|uantities 
the solution should he made i.sotoiii(^ by salt, l lu' weight of the requireil cocain 
salt may bo disregarded in calcidating tonicity, since cocain must hi* present in 
large quantities (.'».S per cent.) to in itself remler the solution isotonic. When 
epinephrin (adrenalin) is add<!d such quantity is used as to make a .strength 
of 1 ; 20,000 solution. 

NOVOCAIN.— Of the many sidwtitiites for co<-ain, this synthetic alkaloid is 
the Ixjst. It has the advantage over cocain of being T times less toxic. The 
solution keeps many weeks without change, and it may be sterilized by heat, 
since the drug does not perceptibly decompose on boiling. Only after prolonged 
or repeated boiling is evidence of deterioration noticeable. It lacks the va.so- 
constrietion action of cocain and is not so rapidly iior .so persi.stently anesthetic. 
Under favorable conditions anesthesia appears in about 2 minutes ami persi.sts 
about 1.') minute.s. For more lasting anestbctic effect it must be combined, as 
must weak cocain .solution, with epinephrin (adrenalin) 1:10,000 to 1:10,000. 
It is non-irritating to ti.ssne. 

Novocain is used in solution of the same percentage as c<x'ain, and Ixvause 
of less toxicity in quantity 7 to 10 times as great, i, e., up to gm. 0.,") (grains 7..')). 

It is the routine agent for u.se after the .skin has Ixtu anesthetizetl by cocain 
and is the anesthetic, of choice in all extensive infiltration and endovascular 
injection proecdurea 

STOVAIN. —The usage of this dnig is largely confined to the induction of 
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itpiiial iiervo r«K>t AllluKUili milv nlmiit half h.h t»*xio tia ixx'ain, it ia 

iiiilillv irritating;, K»\vt'j> tlu‘ viialilx nf tisMio, i» a iiiil«l vasixlilator, and causos 
aftcr-puin. It inliiliits tin* molnr \\c>ll as tin* si'n>i>rv norvos. 

iIII’ sulutiiiii iiiav 1 m.> >tfri]i/r(l 1>\ p-iitli’ (or iiiinnli’s. It is iiioro 

|H(\vi‘rfiil, iiiori' io.\i(‘. aii<l .■'lalilo titan inniK-ain. It is |)rivi|iitat(Hi l)v 
atkalii’s ainl tor >]iiiial inini tin* '>oliitioii mnsl U- aiMiiiliiai with lai’tii' acid, 
anil ^tcrili/.ci l»\ I'a-tciiri/alion iil i'.? ('. 

t^flMN A.M> I’tiKA H\IiItoi'lll.oiCA’t'l' I Iii;* linn; is u-i‘il where prolonjjtHl 
liK’al a!ie>thi‘,'ia i' ih r'iroil. Aiie'il.i 'ia apiKai' .•«loal\. i. e., in from lo ininntea 
to 'o hour. It {KTsi't- tor 1 or J ilai->or loiip>r. Stilntioiis an* Mterili/.i’d wifli- 
o(it ijeterioratloll hy hoiliin.''. It n u^nl m the >aini' ^lrell^tll as ivH'ain, i. e., 
to -J jier ^»•nt. 

I.ismIIv ijiiinin an<l nnn li\ilnwiiloralo i."* a ecll irritant. It eanses edema 
and lowor.-^ thi' vitaliiv <>1 ilio —no. Wound' In-a! lo" |irom|itl\ and the estah- 
li>hnienl and >|iriMd ot inli'etion i^ |iionioti-d. Imcii dilute hointions may eanse 
^lon,l^hin•; of the ii"Ui- an<i >lion‘' 'ohitioii' noi'I Is* used with eantion. It 
should not Is* n.'i-d ill infis'lcMl area', or tho'r lialiie to Is'eome infis*ted, nor in 
tissue ol low \ilality. it ha' \rrv little } loxiidli . 

(ITHKIt liHr(:.*s WHICH Alfi; I.oc.M.I.V .WH.srilK’rH’ Tin* forejfoilifl ajtelltn 
are >;enerall_\ rerooni/ed a' the hc'i availahle, allhoiieh even they are not eoiti- 
pletely sati'lactory. .M.uiv oihi*r drin.’s hine Is-en tried and found wauling, 
atiioii^ these* irojiui (H din, w hii-h. allhon*.di onl\ hall a' lo.xie as e(H*ain, is ittlieli 
le'S atii-'tlietic and is a va'odil.itor; o/i/ya/i. wlin-h in loxieity ahiiost. lapials 
eis'aiii, eati>^'s pain an*l \ a'odiiatation, aNo inarKed alter pain and irritation. 
loth(*,se nil'll Is* addeii Intii 'ii'dm. Imhndin. and inativ oilier drilf;s. 

Adjuvants to Local Anesthetic Agents. Kimnkhhhin. 'I'his ap'eiit ia a 
jiowerfiil \a'<s'onr>1 rivtor. ihcrclo it di*lii\' the ahsorptloti ot an .iiiesthetie, 
dititini'ltes the sN'ti’inii* intoMoation, ami proIoiiL’' llie regional elTis’t. ’I'lio 
\asis'oii'trivtion elTis-t nia\ Is* 'o niarki-d and prolouL'i'd as to devitalize tlm 
tissues. I'.pineplirin slnnild not Is* applied to niiii’oii.s nieiidirani; strnnf.ter than 
1 : ‘J.lKHi, or iii ji*et<*d snls'iit.inooiish .'troiiL’i’r than 1 : lO.tKMl. I‘]pinephrin 
lia.< ii|L!eneral Iomi* I’lhTt in o\erdii'ai:i*. It 'lioiild not is* used in intravaseiilar 
metliods of atie'tlie'ia. .\llhoii:;h siils*n1aiieousIv tlie sv'teiitie elf(s*t is only 
1/10 ns powertul as li\ iiitraw*iioiis do'ai.''’. y<*t e\c’n for inliltratlon HtieHtliCHia 
.solutions should eontain in total not more tlian e. e. f7.'> ininiiiiH) of tlio 
1 : I.DHH .stes-k .solution. 

The alk-ulniilal uarrr,!im. hydris-arlsui and other tjrnrral aiicMhclicH aa ad¬ 
juvants to hx*ul agent are ooii.sidered later. 

1. I.tK \I, ,\.\I';STMr>IA »v Ohmohih 

Rincons and other moist iiiernhrunos may lx; reiidfreil sufierfieiullv nneathctic 
hy local application of the .‘<4*U*<*1ed agent, d'hrough normal skin unosthctica 
are not absorbed in sullieient quantity for surgical unesthesiu. 
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The only efficient a^ent on aUs<jrjitivo Hurfaces is cocain hydrochlorate, in 
strength of from 1 to JO per cent, .solution in sterile water. Two per cent, 
blunts sensation witliin 2 niinutes. Ten per cent, accomplislies complete anal¬ 
gesia within r> minutes. ()(;<!asioiially on very restricted areas the pure cocain 
crystals are applied. 'I'o aiuisthetize periostenni b<*neatli nnu'ons niemhrane 10 
percent, of cocain must he lield in contact for l~> to 20 minutes. 

For iio.se and throat opei'ations tin; iisnal procedure is to spray sparingly 
with weak solutions, securing tlicrchy snlliciciit anesthesia so that stronger solu¬ 
tion may ho applie<l directly to the ilesired an-a hy a cotton swah without irrita¬ 
tion, or for deep and prolonged anesthetic action held in contact hy packing 
the part. 

On struetiires with poor cJrculation, such as the cornea, tin; action of cocain 
as a protoplasmic poison contra-indicates tin? use of .sidiitions sti-ong('r than 2 
per cent. 

I'lio general to.xic; ell’ect of cocain iniist he ever home in mind hy the surgeon 
and a total of cocain which could he ahsorhed in cvcc.'^s (d’ O.ii.', gni. (-’“'i grain) 
should nev<*r ho used, h'alal results have followed the local appli<'ation of much 
8mall(!r amounts than the above, notahl\ in the nrethr:i. Larger amounts, even 
up to 10 grains, an; used locally in the e.xpectation that a toxic ilo-e will not be 
absorbed. It shonhl h(> used with great caution. .None should he swallowed. 

As an osmotic ag<'nt no\ocain is a feeble anesthetic and hu'ks altogetluT the 
highly desirahh' (piality of co<-ain in blanching the lield of mneons operations. 

2. I,o(!.\r, A.M'.srii r.si \ nv 1 Nr n.riiA i io.v 

General Considerations. The agent is injected into or hene.-ith tin; .skin. 
Hy (litfusion throughout tin; mughhoring intercellular spaces it iidiihits the 
norvo terminals of pain perception. I>y the usual agents, i. e.. cocain and 
novocain, t»)ucli perception is not so fully inhibited as is pain simse. \’olun- 
tary motion is inhibited very little. 

Diffusion of the anesthetic may he interfen'd with by dmisi> planes of ti.ssuo, 
or by the brawny edema of acutidy inllamed area ; or, again, the anesthetic may 
bo rapidl.v absorbed by blood or lynijib tlow before it can ci>inbine with nerve 
tissue. The.se adver.s** factors are met by grading the sti’ength of the aiK’.sthetic; 
by proper distribution of tlu' solution in th«> various planes <d’ tissue, and by 
there dela.ving absorption of the drug into the circulation, either by nusdian- 
icall.v stopping the circulation or by adding to the solution a vasoconstrictor. 

Apparatus for Infiltration Anesthesia. - 'Lhe I>est syringe for infiltrating 
dense structures, such ns skin and acutely inllamed an'a. is one of small 
capacity. 1 to 2 e. c., with slender piston .so that the solution may be inj('cto<l 
economieall.v, aecuratelv, and with little pre.ssure on the piston. For infiltrat¬ 
ing loose tissue with very dilute solution larger syringe's, to ID c. c., are more 
convenient. 

Steel needles are the best, liolding a sharper etlgc, arc more rigid, and 
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nuK‘li i'lionjH*r tlian of iri<lio}>iatiiui>ii. Tlu'si* latU'r, Iiowovor, ahoiild bo 

UmhI for diH'ii puinMuro, wlu ro of llu* iiiav siiuj> flu* lUHvlIo. Tho 

Ix’^f iico'ili* |ioiitl' an- iIium* i-ii .1 -Imrl 1 h-\oI with a roiiiiilotl 

'1 III* ajuiaratu-i 'liniilil Ik- -Ij-nli, t><l lo iHiihiii; in plain walt*r. SvriufH*a of 
motal an -1 ula" ait* I'raiiilo to lu at . ili.>'0 <<! (ho l.nor all olans and (linm.* of 

flu* all nu'tal l,'pi‘ uro nii>'l jn .n-l i-mI‘ 1 o. 

General Technic of Infiltration Anesthesia. I h** noodh* i> insorl«>il inft) tlio 
,'kin ohli<|iiol\ al an aiiiili* <>( :;o . A' -.m.ii a' tho Ininon of tin* ni*o< 11 «' ia 
hnri«‘<l, frniiialHint .‘ti- f 1111 niin- !■* 1; 1 .nlii.iIK 1 n looti <1 nnt iI a w Ititonod whoal ia 
rtii'oil ttinl -pro.iii- in tho 'iili-t.iino i.f tho 'kin. Into thi-i tho nooillo may lx) 
thni't fnrthor .iinl tho who.il rapidh oh•n:,*aio<l. W hen fnithor thni>l ooa«*rt 
to rai-'O a uho.il otT<iti\<N tin- noOiilo 1- u ithdr.iw n ainl in-ortod at tho i*dp* of 
tho ohini;iltod who.il and a 'ii-ninl ini<'‘tii>ii in.nlo. -n pi< il; fo'i'-i iil' until (ho lillO 
of inoi'ion i- inliliratod. ^ \oi\ i flo< ii\o mo.in- to prolong tho outanooii.t aiioa 
flio-ia i' to \\idol\ i)h,>ik oil li\ ii r.-nni! 01 on 1 1.1 1 in ti It r.it ion tin* ontii'o art>a of 

oporatioii. a t lor 1 ho in.iniior ot lli.oin. |■'ll^ 1 t iv o .mi'-tho-ia i- inliiood, not hv 

inii"i\o I doin.itoii' in ti It 1 at loll, hut lo ooniploti' ■lillii'-ion of pmpor .st it'iifft.h 
of ano.'-thot if. 

It ininiodt.ilo .iiiO'i ho'i.i m not .lo-iiod iho -kin nia\' ho iihorallv inliltrafod 
throiioh doop l.ivoi' h\ wo.il. 'olniioii. \n oxii n-ivo .skin aioa inav thnn Ik) 
nioro rapidh inliltiatod tli.ni h\ tho wIomI motloid Not ano-thoMia in not ao 
rafiidly o-.t.iMi'liod iioi so por-i-tont I ho ano^thoti/aiion of tho /ono of in- 
oi«.ion hoino oomph tod. tho noodle i' pliinoo.I into tho doopor Ntnioturoa and 
injootn>ii iinido into tho-o hi'orn ot tho tiohl o| opoiatloii whioli <*arrv paiti 
-oii'o. .Manx ti'-iio-. >noli a- fat. mii-olo. aroolar ti-'iio, ami fa'-oia ttiNo no 

'■oifo of jiain to 'harp < 1 1 < t ion, .md 1 otpn 10 m* 1 nli It rat Ion. 

d ho-o li"UO' to whioh 'I'ooi.i! oaio mii'i ho ai'on an- ^kin and inni'oiiu wiir- 
f;mo. nor\o trunk', va-onhii iiiml.'. poiio'ionin. pariotal ploiira, parietal porito- 
noiini. and iirint 't riiotiiio-. All iho-o ti'-no- mii'l ho i leloiiomionl ly inllltratod 
whoii roaolioil. 

Traotioji and o\oi "i\o jni "Uio on li'-no i-honld not ho imod. TIioho p-ive 
ri'O to 'Oii'alioit. aL'ain't tho hloi kaa'' “I whioji looal ani''tho'ia i'' not idTi*<’li\o. 
.'"'onIt* of tho'O 'Oii'.ifioii'. while ii'it tlio-o of o-in'Oioni< |iaiii, impair thi* fiiiiotioti 

of oreaf \itai 'toni' 'iioli a- (1 .ir<-nlator\. io‘>pirator\. ainl wx mpallietip. 

,\n O'jiooiallx L'ont'o. oloaii. 'ha 1 p out 1 1 ii" tti-hnio niil'l he <h velojioil for HIIC- 
oo'-i with looal aiio-the-ia. 

Preferred Technic- for Special Groups of Operations. Ml.voit ol'KRATIONfl 
t)V NOV -1 N Fl,.\ Nt KI > .\ 1 !K \.'' I he 'hill i' a noi-t hot i/.etl he t h per ot*nt. oooain or 
iioviM-ain with opiiie^ihrin 1 : J(i.01111. hv line of wheal«. InoiKion in mailo anti 
tho df*e|H*r jjarf' injooled a' neo<l ari'e-;. 

MINOR Ol'KKAVlfl.VS ON INFI-.\.MKI» AltKAR. W’lieil ill a r‘<imlitiriri of nfUtO 
iiillaniination al! ti"no*‘ lieotnno ll••^ro or lor.*- .‘x*iiHitizi*d. If 1I11; aroii of ti[K*ra- 
tion Vio small, as. for e.xamplo. in a fiirnnoh*. the area is hlookeil liv slowly Hur- 
rountlinc it with wheal.*^ of Injeotoil am*.sthr,*tio. proferahly > h jkt oeiit. wdiition 
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of freshly dissolved cocain. The deeper siilx;utaneons tissue must bo more 
liberally infiltrated than when dealiiiff with noii-inflanied tissue. For more 
rapid and certain anesthesia and to dccnmse the pain caused hv distention of 
tissue already teriMs the pcn'centa'nj of cocain may 1)0 advantageously increased 
to 1 or 2 per cent, solution.. The toxic limit, i. e., grain, must not be ex¬ 
ceeded in the total amount of cocain used. 

MAJOR OPKKATIONS ON NON-INFLAMKI) AllKAa.— For extensive and pro- 
lon^d ojHjration under local anesthesia it is <lesiral)le to induce by mor 2 )hin or 



Fiq. 2.— lNrii.TRATi<iN Ankstokhia; FnnrNct.E. A linr of wliriiN piirirnlrs thr srptio, arm. The 
niNxIlr in rpiiiwrlcKl only "o often ns fnrlhor infiltrnlion ronn "* to rnin' n whrnl. It is rcin'wTted 
in tin nm» tilrondy iiiiciitlioli*<'il. Tlir dosonsitiii'd uron wiiliin tlir cinli' of wIichIm !•< inliltnitotl 
by four or iiioro wiMinito i)unrlnri'«, inliltrntiiiK the skin ainl tlir iin(lrrl>iiiK tmnir. Linr of cruriul 
Inoiiiion diuKrotiiinril. 


otlior alkaloid light preliminary narcosis. Thus the harmful ])sychic dread of 
operation and the acute coguizauce of the unaccustomed surroundings and 
procedures in the openitiiig room are hhmteil, tlu' tlosage of loeal anestlictic may 
be lossoned ami the duration of cfTect inereni»eil. .\t tiny stage of the operation 
this narcotic state may I)e dTOpcnctl uiul the effet't of the liK*al anesthetic mark¬ 
edly increased hv administering hv iidialation ahoiit 1 tlrop of ether per second 
for a few minutes. 

The usual nareotie is morphin, grain with atropin. grain l/l.'tO, given 
bypodonuiciilly hour before the operation; a more active eombination is 
morphin, grain if.- n«d seopohirnin, grain l/lOO. 

The lino of incision is anesthetized hv widely surrounding it by wheals, 
preferably of per cent, novocain in normal saline with ejiinephrin freshly 
added 1; 20.000. 

Through this hlooked-ofT area deeper tissue is infiltrated, preferably with 
% novocain-adrenalin solution; the skin is then incised. Next each sue- 
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cossive liivcr is iiitiltrutoif with iuiv«n*ain in llii> tli'jrnt* whii'li ifa itoiiiiitivonou 
rojuiresi, iiitiltratia^ witli sjKH-ial ran* lairiotal |K'rit<>iu‘uiii, ploiira, atul ptiri- 
4>^tl‘lllu. Snliitioii «if |«>r i-oiiiltiia'd witli I'piiU'pliriu 1:40,- 

OUt), is tlu* most jjoncrallN iisoful for i*xli'ii'i\«* iiiliilriitioii. 

lieru tlio iiiHsl of a 4‘o!isi<h‘ral»l«‘ «pt:iiitity of jiiu-stliftio is auticipattvl it is 
well to iiu‘ii'-ur(> out prior to iht> <i|MU'alioii {ho inaxiiiium ti>tal <|osi> whii'h iiiMV 
bi! suA'Iy u<oil. (hu‘ moa'un-s out f.>r a :-t's k solution "»0 o. o. of iioMK-aiii, 1 
|H'r ri*iit. solution in normal salino, to wlin-h i> a<Mi'>l opiin-plirin siitlu’ii'nt to 
imiko I : HhtMKi, This oonlain- <>.o orani or 7' trains of noviH-ain, flu’ limit 
of safety. From this slin k is willnlrawu for llio lirsi iMilaiU'ous ini«><‘tioii, full 
htremtth solution; for sul>s<s|Ui'nt inliltr.ilion the stoek solution is ililufcil with 
.■{ parts of saline solution (O.s |„.r ocnt. ' to yiehl a ' i per ei-nt. noxiM’ain solu¬ 
tion with streiuith of epiin |>hrin 1; lO.<•<•<•. W’eaki r solutions ari' inelTeetivi’. 

^\’hen .sensor\ nerve trunk' are eiieounten ci. a', for eMiinph'. in lierniotomy, 
thes4* are separatelv itiliItrateil. '1 hus a wnic aiea his-onies anesthetic ami 
ri'ipores no further intilt rat ion. 

’I'lie novie«i in local ane'thc'ia niii't hewaie of pressure l>y hliinl. instru¬ 
ments, ot the s]>reailinL' ot till' niU'cle lihefs. amt of tr.'ietion on the viseiTii. 
iSiieli nia'iipulatioiis, while not p.unlnl to the patient, "i\e rise to uinlesiraliin 
stimuli, which nia_\ result in vomiliu:.’. sv ncope. shin-k, postoperative iieuniS' 
theiiia, ami other nein'oiis lieranceiuent. 

K.VTK\HI\ K Ofi:U.\rinN ()\ A< I \ \| III) AltKAS. Ililillrilliou llll- 

Cstliesia is inailvi'ahhi for e\tensu< im i'iou ot intlamed areas, or for (|i*<;p- 
seatial lemloti ami joint lesions. The pain oi injection, the iinsatisfiietory 
anesthesia, ami the to.xic lios.ie,. necessurv to secure any reasomihle dejiTee *)f 
anesfliesia render generai am sthesia much preferahle. 

Types of Operation Performed Under Infiltration Anesthesia. ()l‘l•;l{A■|■|()^H 
AUOt'T TIIK \ I • I All; f/o i /1 ••••i i I mu uf .‘•milll su/urlirnil luimir.H 

tiiiif i>Insflr Dju I it! mu'- nil llir lii‘i,l iiiul i/'« (/7/< ri tin- lim-of incision niiiN he in 
filtrateil, or the entire tumor may he hioi-ked h\ a circle of wheals as cleserilKtd 
under .Minor ( tjM-ratloiis on riiintlanie<| .\ic;is. I dsw-ction jiroeeedH w'ith 
tin* u.sual centle m.inijuil'at mn m-ccs-naicd lo |i»-al ane»lhesiii. The <le<!jM‘f 
planes of tissue are ;inesihcfi/ed oid\ a' need arises. ( >n the face and of.hor 
highly Viisi-nlar parts the proportion of i-pinephrin must Is- as hifih 
as l;l<i,()U0 to .seeiire the \ .is* k-oiisI riel mn nei-dfiil for the mainteiianee, of 
anestlie.sia. 

of (In’ sralj! and elsewhere are Is-st treatinl without hs-al aiiess 
tlivaia, ainee the pain of iniiltration ei|uals that of elean.“iuj^ and suture. 

In frariurcK of the siritll small lra;nni'nts of Isme niay Is* elevatetl or ro- 
niovorl hy a trephim- under iniiltration anesihe'iti. jiartieiilar care Is-itij^ timal 
to forcihly inje-et the anesthetic eircumferentiallv iimler the ]H-rieraninm. Tlio 
tnonin're.'i and hrain are ireH-nsili\»'. I-aree operations an; jireferahly dono 
under /reneral anesthesia. 

Any section of the face may las readily aneslhcti/a d hy iiifiltratiou for tho 
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excision of small tumors and hasal cell ejnlheliomata. However, absorption 
is rapid and anesthesia transitory, even wlicn the usual strength of epinephrin 
is doubled. For larger pnxjcdiires infiltration is of little service. 

Operations, such us prolonged plastic work on (he eyelids, nose and mouth, 
the excision of cpitheliomnta involriny ylandular dissertion, operation on the 
maxilla and mandible, are feasible only by blwking the various sensory branches 
of the trigeminus at strategic points. 'I’lio elaborate and precise tctdinic is 
best described in the monographs of IJraun and of llirshel. For the smaller 
procedures see Intraneural Infiltration. 

The ear drum may be anesthetized for puncture by iuiiltrating deeply into 
the superior wall of the e.xternal auditory canal. 

Individual teeth may be anesthetized by fon-ibly injecting the anesthetic 
with a small, strong syringe into the gum at the margin and'beneath the peri¬ 
osteum of the alveolar Ijordei, both on the buccal and lingual aspect. 

For operations on the nuuidihle s»“e Intraneural Intiltration. 

For operation within the nose see Local .\ncstlicsia by Osmosis. 

MINOR Ol'ERATIONH ON THE NECK AND THROAT. —Tlio_/o/i.sv7 rcryjo/l 
may bo nnesthetized by swabbing tlu! pillar with U) per cent, cocain and then 
infiltrating tho. peritonsillar tissue with \\ per cent, cocain or novocain so¬ 
lution. 

Superficial lesions and enmpsidated tumors may lx* removed and abscesses 
opened under infiltration anesthesia. For e.xtension di.s.section of glands and 
lymph nodes local auesthesia is inadciiuate. 

For furuncles, carbuncles, etc., the urea is siirrouinled by a (‘ircle of cocain 
infiltration in a lino of wheals ns dc.scribed under Minor Operations on In¬ 
flamed Areas. Tho line of incision w'ithiu this eirch? is inlillrate<l, care being 
taken that tho needle once fouled in the .septic area is not iii.serted in tlie sur¬ 
rounding healthy tissue. Finally several deeper })uuetures in the septic area 
are made and tho underlying base infiltrat<Hl. 

TRACHEOTOMY. —For traclieotoiiiy local auesthesia by inliltration is par¬ 
ticularly satisfactory. 

THYROIDECTOMY. —An oval urea end)racing the lino of ct)llar inci.sion is 
injected with anesthetic, first infiltrating tho skin circumferentially by line of 
wheals, thou tho siilK’utaueous tissue and platysma with weak anesthetic solu¬ 
tion (see page 54), Incision is then made, exposing the divp cervical fascia, 
through which tho deep mu.s<'le plane is infiltrated in a wide band. After a mo¬ 
ment this plane may bo divideil gently by sharp incision. The IoIhjs and the 
isthmus of tlie thyroid are now exposed. AVith groat caution to avoid intra¬ 
vascular injection of tho anesthetic, the areolar tissue outside tho thyroid is 
scantily infiltrated ns need arises, particular care l)cing given to the superior 
pole and to the space betwemi the truchen and thyroid. Each lateral lobe may 
now bo carefully dishx'ated and resected or otlierwi,se dealt wdth. Thyroid 
tisane proper is not sensitive. 

THORACOTOMY. —Tho area of incision is widely blocked as in the foregoing 
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procedure. Tlio p(*ri(>stc«m of fli« rib is indltrftto<l and then the needle ia 
dirwte<l up beneath flu- .•verliaiifrin- lower islce <.f the rib aiul flu- rojrion of the 
intercostal >* iiililtrale<l. 1 he rib is now it-six-ted and the luirietal pleun 
fioporuten iiililtrutctl Ihuu*; iut*istsi. 


CELIOTOMY.- The 


area of iiiei.'iioii is wi 


dely bhvkeil by intiltratiiig the slun 



and subcutaneous tis,siic down tf. the rmiseles, as in major op-ratioim fseo page 
•''4). Incision is made and the imi«<de planes are waiitily infiltrated ns one 
proceeds. These are now divided by elean diss*s-tion with little traction ex¬ 
iting the fascia traiinversalis. Thron<,di this layer the snhfs-ritoneal nrwilar 
tiMue is infiltrated as widely as is feasible. The jK-ritoneal sac. is now o[irned. 

The manipulation of the nlulominal viscera induces no immediate sensation 
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of pain, and they may bo operated on without anesthetization so long as pres¬ 
sure and traction are avoided. For closure and suture of-the abdominal wall 
after prolonged operations the parietal peritoneum and skin may have to be 
reanesthetized. If reenforcement of the local analgesic be needed the best 
agent is a few drops of ether (see the Zone of Confusion in Ether Anesthesia, 



Fia. 4 .— iMnLTRATiON Anbsthchia for Urpair or Scrotal Hernia, Groin and rntirnwrolum blocked 
by lino of whcala. Uoepor tiaauos infiltrated und norvo tniiikK blocked. 


page 82). One has recourse to the prolonged anesthetic action of qtiinin and 
urea as a supplementary pnwedure, but the drug interferes with wound healing 
and has been largely abandoned. 

OPERATION FOB SMALL INGUINAL AND FEMORAL HERNIA, HYDROCELE 


OP THE CORD, AND GLAND OF THE GROIN.— The area is Mocked as in Figure 
8. If the operation be for scrotal hernia the field is infiltrated by more 
extensively surrounding the scrotum as in Figure 4, In about .S minutes the 


akin and the external oblique muscle may be incised and the internal ring ex- 



rrlnx<><l l.y ’u,(,'ir.ri!m 'Mri'i' dlVm n'r* '' r ' '‘lirnli.; ii|.>ilrirti<r 

•oruM Un« of -l.l.v.r-.l ,.,..1 l.y ii.ht<r.li..n 



*--Iimx.TBATioN Amrmtbehu: Rwjioj* ok K-hkic. For oxciaion of pmp&ioUnr Ijuna, or rocMir 
fra«ttii«d patella, ahowinx apfs I.Iock«-<l l>> lin.- <jf wheaU and diroctioo of d«>i>«T iofiltmUon. 
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posed. The ilcohypof'astric nerve is now identified lying upon the internal 
oblique muscle above the iqiper margin of the internal ring. The ileo-inguinal 
nerve is identified with more ditliciiltv, running with the cord through the 
inguinal canal and lying on the und«-r surface! of the cord facing Poupart’s 



ligament. Kach nerve' is hlocke'd as it is oxpewed by 
intraneiiral injee-tiem fse'r* page: til). Further sur¬ 
gical manipnlatiein the'rr'iipoji Ix'e-emic.s painlos.s, save 
the tying oif of the' sae*. This nui>;t Ije- l)lockcd sepa¬ 
rately by local inliltratioii of the suhpcritoneal tissue. 
'I'he skin may have: regained sensation l)efore the clexse 
ol tlie o|ieralie)n anel tin'll must again he scaiitilv infil¬ 
trated to lie sutured. 

OI*i;i?AT(e)\.S FOR llVDltfM'Kl.F, OPKItATIONS ON 
TIIH TKSTie'I.F, J"re,'. ’I'lie area of iiici.>ion is 
hloe:ked hy infiltration, d he .sac is e'.vposed and eae;h 
line ot dis.seelir)ii iniiItI'jiled licfore incision. 

('IitCL'MetlsiON. The penis is consiricti'd by a liga¬ 
ture ot rul)h(*r tubing, d In* sheath of tin' jienis is in¬ 
filtrated through the superficial la\er pro.vinial to the 
line of e'irciilar incision, and the rellected portion 
separately infiltrateel near the corona, infillrating with 
sjieeial e'are the freiniin. A e’ollar .section of the 
prepuce may then he (>.\ci.seil, preferably by siiarp dis- 
.sect ion. 

III':MOKI{lIon).s;. Se<' Figure.". 


Fifl. 7. -iNrii.TiiATioN An- OI'KRATIO.NS O.S TIIK I'l'l’KIt AND I.OWKR K.N- 

.KSTIIKSt.A <JK THK 'I’llKH. ,, . . • I I) I 

I-iiin <.f infill I 111 iim for TKK.M ITl MS. i'uv r.trisKiil oj /iillrlliir hiimi OY (KljiLsl- 

norvo toniiiiial ami m-rve jncnf of niiU'llur fnii'fliri' the area is hlncki'd as in Fig- 

tniiiK ooTultirlHiii ari(*s- ^ \ ^ 

■ thi'siii: for aniiuiiaiion, lire 11. 'I’hc pi'i'instnil hncr lieiieatli the hiii’sa must bc! 

... '■i-p 

ooduriss. For (unimliiliitii of llii’ sinnlli'r Incs oml llir fimjcrs 

tho pnqier line of inti It rat ion is shown in Figure 7. 

For (Uiiintinlion of llic (jrrol lor or nrfliroithishi. as for halhi.x valgus, the 
proccduro is indicated by tlio same diagram. 

For opcrallonn on llic dishil jihulnniirs of Ihr Iocs and fuiijrrs tho nervo 
trunks may ho blocked by perineural infiltration at the first iihalanx (sco page 
27), or tho site of operation may he locally infiltrated as by the general tech¬ 
nic of infiltration on uninllained areas. 


thesia: for aiii|itilatioii, 
t>la.Htin nrlliroloin.v, or 
ollior local minor jiro- 
ooduriss. 


Fractures of the tony bones such as Colics’ fracture may bo reduced under 
infiltration uucsthesia. 
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REOIONAl. ANSBTHSSIA 

lutrodaction.- \\ lu'ii it ili'-ii'idiU* to aiu'stlu'tii'i' »*ntiri* rofiioits with 
minimal maiiiimlation and 'iiiall nf l(>i al ani-'ilu-tic oii«* lias U> 

the following; iii<‘t!tu(l: I In- iiiu'i i-lh^-tual iiu-tlimi. wln-ri* it onii Ih' a|i)ilitHl, ia 
iiiflllratinii into a inr\i- trunk ‘uh’im unil A iumvo Iriiiik ma_v 

also Ik' l»liH-ko>l li\ intiltratiii” ini<> t’m- ^m i<iiin.iiin; ti'-«iu‘ /h nn-ur>tl titftltrn- 
livn. Or flic !icr\c trunk uia\ lie liallu-il in flic |>riii'i-r anc-tlictic solulion, as li_v 
iujtvfiui: flic a::cnt into tin* 'piu.il canal nr )t,<‘hilton/ ,ni, >1 lirsin. 

An cntiri- M-L^incnt of an c\(rcniit\ nia\ l>c anc'lln-ii/i-il 1 )_\ iMic*cliiif; llic 
a/icnt info flu* vaM-ular channels of tliat parf liilnii i turns itn<l iiiirn ttrtrrittl 
local aiiv.sllicsm. 

lii.cioN \i, A^i-'lm.•'l\ in 1 \ 11; \ M I i; \ I, i \ i-11.1 ii \ rioN 

For flu* iutllfratiou ol' an cspo-cil nci\c Irnnk tlic nci\c is lichl sfi’inlv hy 
^avi/.c or nra'ped in -pccial tomp- wlii'li do iioi piiu-li or lirui-c. Info flic 
nerve is injected flirono|i a line In podeimic ncciilc snllu-icnl solulion lo make a 
liiillioiis sweliiny on tin- nerve. I he !•< -f ai'i iit' arc a suliilion of ' per c*(*iit- 
ciK'aiji or of 1 pcrccnf. novocain. 

’l lic ptincliirc and in|ectioii came inoineiil.ti v liiiLdinp' and oilier pares 
flu'siie over ihe dist ri lull loll ol ihc lu-'ve. Williiii ininiilc-- aiic-thesia a|'|s‘ars 
and j^raduallx deepem toi the ne\l I" iniinifi''. 1 hi- aiiesfliesia i.s alisoiiiln 
Old V af I he center of the nei v <■ d nt i ihnt nui, null < d (hei c nia v Is* h v |ierest hnsia 
at the peripherv of tlie an.i ..t dninluniou ulun flu nerve is overlapped 
Itv iieiohhoriim .-iipidv. .Vnc'ihe'ia l.i-l' -lo to !mi minule.s. occasionallv 
Ioniser. * 

For intranenral iup-i-lion o| une\po~ed m rve iriiiiKs onlv lho.se IriinkH which 
have a (l(*tlnite course and l.indioarl s are avail.ihli-. I he entrance of the iiijeel, 
iiifi iieeilh* into fhe~i- friinks n signaled hv a sensation like an electric slus’k 
aloii^ tlu* nerve, d hus the propc-i linnk Ironi a ple\i|s inav is- idenf]ti(*d and 
injcel(‘d. /-'iiT ///Is l> 1 111 /1 lit/ fIt///f ///' \/ilutUtu /*ttlfl iff' Ili 111 as sfr/tu// a.s' //-///’a. 
the tu'ri'r IS (■.i jii/yi'i/. 

The follovvini: arc the are.i- connnonlv a n< st lu-l i/ed hv tlu-si* nielhods; fl ) 
the frontal reeion. hv miection of the snyira oilulal nerve at its foranu-n ; fiJ) 
the .side (vf the nosc and clu-el, and flu- upper lip. hv in jection of the infra orhital 
nerve in the catial: (-'li the lower jaw an*l tlu- n-cion of the chin, hv injer*tion 
of the inferior luaxilhirv ni-rvi at tlu- infi-rioi ma.xillary foranu'ii; f Ij tlu; 
np|s'r (*xti>*ni!tv', hv in]c/-tion of the hrai-lnal j/h-.xn.s in tlu* supr.-u-hiviciilar 
triaiiiile. or in tlu* a.xilla; '' tlu- little finder, hv in jection of the ulnar nerve 
Wiind the internal comMe of tlu- hnnu-riis; ft',) tlu* irroin and Hcrotiiin. by 
injection of the ileo imauinal and ileohypo”-istric nerves during: herniotomy; 
fT) the le^r below the knee, hy injection of the frreat •^■iatie at tlu? sacrosi'iatir; 
notch; (S) the outer .side of the lei: and ■lor.,um of the ffx/t, by injection of the 
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extoriial popliteal nerve in the ptjpliteal space lying parallel to the tendon of 
the biceps. 

The less coinnion pn)cedure.s of cranial, si)inal nerve, and plexus injection 
are Iwyond the Hcf)j)e of this article. (Sec nraiin’s monograph.) Illustrative 
of thc*Be procodnr(‘H is Figure 8 and the following description of brachial plexus 
anesthesia. 

Brachial Plexus Anesthesia. 1 he sidadavian artery is palpated above the 
clavicle. External to and above the artery a hypodermic needle is inserted into 



Fro. H. Hkachial 1 lkxi:h Anksthkhia. 'I'lio illu.Mtr!ili.«ii shows the i>osilion of llu> rorrjs of tho bra- 
chml plt’XUN us they i-iiu-rKo from is-twcoii I ho s<-nli-iii muscli's whiTi> llioy urc imnrtunxl in thn 
pustenur cctvicuI IriuiiKU* iiiui roiuhToil aiiosthotio !incl iioii-roiuiiictivo liy iiUruni-urnI infiltrntion. 

the brachial plexus as the nerve trunk euu'iges from between the scaleni 
muscles. Uuneture and iujeetion of eaeh nerve trunk give immediate pajes- 
thosia over the area supplied hv that trunk. .Vnesthesia (h'velops in about 2 
minutes and gi-adually deepens. If the nerve trunks ho defiuitelv entered a 
solution of >/- per cent, eoeain or 1 per <-eut. novex-ain suffices as an anesthetic 
agent. If the iujeetion be perineural the strength shouhl h(> doubled. 

As accidents of this method the pleura may he punctured with subsequent 
pleurisy, or the dose may l>e injected intravascuhirly with general intoxication, 
or a long-continued neuritis may be cjiused. .V similar prix*edure is u.sod in 
anesthetizing various branehes of the brachial plexus in the axilla ns thev sur¬ 
round the axillary artery. 

Nearly all nerve trunks have such ill-»lefined surface landmarks that direct 
injection of the non-isolatcd trunk is not feasible. In such case one has 
recourse to perineural infiltration, next to be considered. 
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Regional Anertii>:sia hy I’KitiNKruAi. Infiltration 

A nerve trunk tr:iver>*iii>: ;iii in)illr.>iti-<l im‘a iiiie.Hllietio from tlio 

surroundin^ lMU|di and Ihh'oiiu's lilix-kiNl. ^Vlll•u tin* 1 i 1 »kh 1 i 1 <*w in netive Ibo 
nnestliotic may lx* wagin'.! a\vn\ Ix-ton* atTct-fiiii;' tin* nerve trunk, lieiiee bUvkafjc 
by jjeriueural iiililtratiun i< ltmifi*d jtrefer.d'N i<> llie uerM'x of tlie dii^ltti and 
larf;(*r ext remit ies wliieli ean lx* 
ijHtlated by bt*m<>'tatie tnurni 
(|Uet. Tlu* pnwedure eUewlien- 
ifl uueertain, reiiuirim: a d<"-.i:;i* 

Ilf aue.xtln*tie dunlile flint nf the 
preeedin^ metlnnl in sfn imlli. 

Wln*u jHis.-iilile tin* |).irt I 
exsaupiinati'd by crnvil\ an 1 
by bambnjc*, and .-ecjiii-trated b\ 
elaslie lifrature as bn* intra 
venous an(*'tliesia (sec |i.it,*<' 

Ttt). An area of ti«-ue aliout 
'e in. wide is infiltrate<l aeroS' 
the path of flie nervi* at proper 
depth to hafin* tin* nerve Irnnk. 

If the anestip'tie lx* mi ."rully 

distributed anesthe,-ia appiar> 
over the ar(*a of nerve di'-trilm- 
tion in about l(t or Id miniilex 
and p(*rsi.»ts wliile the eirenla 
ti<in of tin* hlixxl i< cut oif and I'"- '* ( oNi.i. tor Am>-imi>m "I' mr 

^ • r I iS<.» ti ItM 111 h< riidiil ;IK1H filitl liMtthull 

top 1,1 Illlliutc^ nr ninr<* ;nt<*r , \ lufillratiwn (Sit Kiitw. 10 bihI U-I 

eireulntion is n*I>fabli'lied. 

Special Technic. I he /i;o/-r i' the ana lno^t eommoiily anexthelized by 
perim*ural inlilfration. 'I he -peeial .ukI anatomieal ff*aturex and teehnic ar<* 
considered in diaeram ami ieijeml i l-'ii;'. 1*, 1<>. 1 1 ). I ho ofM*rator Bhoiild 
proceed only with ;i eh-ar eoneeplion of the eoiir-t* and nnastfunoxiH of tho 2 



Plo. 10 .—Nehteii op thf, Ki'.ht Ixr>».x Fixokh. ihi- r/iijpxn of nrn'ox and Iho r»la«'mmt 

of the aolulion Ui obloin, l>y ix.-noi.-ural inhltralion, roruJiictivo ari<«ttK!B(a of thf; dixtai {x>rtion' 
of the finder. 







64 


SURGICAL ANESTHESIA 


dorsal and palmar norvc trunks (see Fi". 10). Then by following tlio general 
teehriic given al»ove, infiltrating in tin* inaniu-r illustrated in I'igure 11, a satis¬ 
factory anestluisia of the distal phalanx may usually be obtained in about 1C 
iriinutes. 

Tho entire hand may be similarly anesthetized. Ihe hand is exsanguinated 
by elevation, and reuderc‘(l isehemie by ehistie ligature in tho middle of the 

f(jreann. Tho nerves arc 
bloekc'd by infiltrating round 
about at tho wrist, except for 
a space over the dorsum, 
where no trunks exist. The 
braei'lf't or baud of infiltra¬ 
tion is about in. wide and 
is plaeefl 1 in. above the 
wrist. First the skin and 
siibeiitaueous tissue are aucs- 
thetizi'd, then the dcH'per tis- 
RiK's. spi'eial care being taken 
to intiltrate: lirst, tho region 
trav(‘rsed by the median 
nerve wht're it lies at the iu- 

FlO. 11. —ftuf)«M-«K<TIUN OK l''lN(iKlt THKOIOK rrUST , , - . 

LANX. Sliowiiin ill lil.'ii'k. ii <T<>.sj<-.i<'<' 0 <>ii of I lir IHTVcs. illiis- Sloe ol tllO tOUdOU Ot tllO 

iriitiHl ill l•’iK. 10, mill siiouiKK (III-ri'taiivc iio.iiiioii of iiitii- paliiiaris loii'Mis; secoiid tliat 

truloil tissiio, iiulil'tilcd liy I'lliiiliciil wIh-iiIs. u, Tlir volar ~ ■ . < 

tuiulou; li, tiiii iioiio; o, tliu ilorsal tviiduii. of tlu' uliiar lu'i've external 

to tlic flexor earpi uluaris, 
lying between this niuseh' and the ulnar artery; and. third, that of tlie radial 
nerve as it wiud.s external to the shaft of tin' radius about I'j in. above tho 
styloid procc'.ss. 

Tho arm is anesthetized preferably by other methods, sneh as brachial 
plexus infiltration, or better yet by intravenous anesthesia. 

Tho foot may be aiu'sthetiz(‘d in a manner similar to the hand by a band of 
superfieial and dei’p intiltratioii above the* tnalh'oli. 

Ferineural anesthesia of tlu' less c-oiniuon areas of operation on the upper 
and lower extremity requires a special knowleilge of cutaneous nerve distribu¬ 
tion and surgical approach of the various sensory lun ve trunks too voluminous 
for this work. 

Reqionai. Anksthesi.v nv Ix.iectiox into the Cax.vl: Spixal 

Olt ^fEOULI.AUY AxE.STIIfrsIA 

Introduction. — Spinal nerve roots when bathed in proper anesthetic solution 
cense to fuuetiouate. Fain impressions from the lower segments of tho body 
may thus Iw bhx'kod by intraineuingeal injection of a proper dose of an anes¬ 
thetic agent. This fact was first demonstrated by Corning with cocain, and its 
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practical application nuulc liv I tier. Witli ilu* mt'Ut ilis<Mvcrv leas 

U»xic llinn tin- uiaruiii <>t‘ >afct\ in the iiu tlnKl lia,- iniTi-aM'.l until it now 

has la*<'oinc a ri>ntinc nn-llnul in <■l■^■taln o!iiii<'- f.ir o|K*riitiiins Ih*1ow the 
(liaphraiTin. 

Physiology.- hollow inL' iiitraim-dnll.irv injci tioii'i into the spinal cavity the 
ain'fttlictic auent <liirii>c> ilM-ll tlir.ni:^h tl !«■ iro»|i! ini 1 tlni<l mill rnpiilly cojn- 
hinc.-i with ail cvjuwcil nciwo ii'.-no. wlin-h it iifpri\os of coiuluctiv ity. The 
spinal nerve root' an- iiio»t alTc to-l. the eon! projii'r less so. Within a few 
.stx'otnls sen.-atioiis ol pan-'the-i.i .ippe.ir. In aUmt ‘J minutes pain sen.s«' is 
almlisheii and toncli M'n>e i'. niiieh imp.iireil o\er the di»lrihiitioii of (he nerve 
root.s alTis'tiai. .Motor and >\nipalhie paialv-i' follow, reaehim; their Indght in 
ahout 1 niinnti's. ’I he -^■n•'e ot po-ition ol .on limh alTis-ti-d i** lo«l. I'hi' eerd 
proper, heiinr proteeled li\ the pia mater, oid\ siiperlieiallx iiithieueiHl hy lh<‘ 
une.sthetie and eonliime< to earr\ iieiwe impiil'e to and I rom distal .sei'iin'iits. 

Control hy the operator a- to the area to U* aiie-thi-li/ed and the lie^ret* ami 
duration of ane-.ih(‘'i;i i^ '-eeincil 1>\ propi-r seleeiion of dni^.' mid do.satji', hy 
the site of iiijei-lion. and 1>\ the pndetermined eoni'e of ilistrihiilioii of the 
ilf^’lit injeefod. The dist rihiit mn is controllcil lo h.t\iiiL'’ the ai.'i'lit in solution 
of a spcs’ilie 'rnivify either di'iinetiv ll•.■lller. so as to rlsi-. or ilistinetly heavier. 
HO as to fall in the eerehio-pinal Hind sni louiidlm: the eord. The spisdlie 
Ijravity of een'hrosjdnal lliiid hein;: iiiitloimiv hi tween l.iHi.'io and l.ittttla, the 
.solution is made heavier thall this lo laeloso, or lichter h\ aleohol. The saeral. 
Iinnhar, and lower doi'ul sei^ment' aie those iisii.dK hliwked, 'isMirim; mieHfheHia 
Ik’IoW the level ot the iiipple I'oIIowiiio snidi IdoeKini’ the following plivsical 
.Hijins iire to he noted in addition to the anesthesia : 

'I'lie ahdominal wall' Is-eome eompleiel' relaxed and ahdomiiial hreathiiif^ 
is lar^idv aholished. I he anal s|,hineter relaxe- mid llie l•onl( nis of the lariii* 
intexstine e.seape aided lo aetive pen-tal-i' of the entire intestinal tiilK*, w'hieh 
i.s now ri’h’ascd Irom the inhihilorv eontr<d ol s\mpalhie nerves. 

CtJUC'l'l.ATlON'.- rile va-oinolor eoiitml of the aii-a alFeeti-d is lost. 'I’he 
pulst' i.s slow, and the hlood pres-uie falls, proportiuiialelv lo the upward ex 
tension and inteiisitv of the anesiln-tn- aeiion. Witli invol\eTiienl of the upper 
dorsal w^nients the ]Milse ma\ drop to t<l or -Kt }mt minnie and Ik> indislinfruish- 
abln at the wrist. 

The fall in hlood pri-ssure is due to the eomhined action of vtisornotnr 
paralvsis in the lower s(.o,m.nts of the r-ord, to the limitation of respirutory 
nioveiucnt, and to iinop|>osed inhihitorv va^ns action on fhe heart. TIiIh fall 
hccin.H soon after the motor paralysis, reaches its lieieht in ahout, l.'i tninutes, 
and slowly passes off. 

Cntowanl depressioTi of eireulafion is eornhafed hy adrenalin, ndtriinistercd 
intravenously in normal salim-. Krotn ti t<i 10 minims of the adrenalin solution 
is addcnl to each fi ounces of s.iline infusion. As little as 2 rnitiims rna.y Ixj 
effective or as much as 70 may Ik- rrtpiired. 

RESPIRATIO.v.— Resinratorv movement is similarly inhihited. Alxlominal 
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respiration is first lost, then thorneic, and finally, with involvement of the 
phrenic nerve at the fourth cervical sejpnenf, the diaphrafim itself becomes 
paralyzed. The respiratory motor pal.sy reaches its height in from 15 to 20 
minuted, and may last^for several hours. 

If the phrenic rw-rve he involveil by untoward \ipward extension of the anes¬ 
thetic, life may lx; siistairied by artificial respiration until the nerve recovers 
its conductivity. But without adrspiate artificial resi)iration or with additional 
involv(!m(!nt of the floor of the foiirtli ventricle, death ensiie.s. 

TJTKIlUS,—'I'ho uterine mus(de retains its tone and eontr!\ctile power but 
lacks the aid of voluntary e.xfud.sivti forces (d* the ahdomon. 

SKIN.- —The surface of tlu; hody t(;nds toward paleness and is dry. Heat is 
lost le.s8 rapidly in this method of ane.sthesia by radiation and evaporation than 
in the suffusion of general anesthesia. 

Limitations. — I ho method should not be ii.sed in conditions of .slnwk. It is 
applicable with safety only to operations below the hivel of the nipple, pref¬ 
erably below the diaphragm, d'o (r.\t(Mid tin; field of anesthc'sia to the upper 
thoracic, bracdiial, and e(!rvicul regions may be best eharacferiz(>d as fool-hardy. 

'1 ho method should Ikj ado[)t(>d oidy alft'r a fhoroii;;!! training in the tech¬ 
nic of injection and full knowhslge of the physics and physiology involved. 

As a casual methotl hy the inexpewieneed, or without facility for artificial 
respiration, the method is much more dangerous than the iiu'xpert administra¬ 
tion of goncrul anesthetics, d'he method do('s not promise' to replace general 
anesthesia. * 

Utility, —The method secans to some observ('rs to be indicated in operations 
below the level of the nijjple where geiu'ral anesthesia is coutra-indieated; also 
when peculiar skill in this method is tleveloped, and in i)risou, militarv, and 
hospital surgery, where for local rea.sons facility or traineil skill is lacking in 
methods of general anesthesia. 

Apparatus.— The best syringe is of the I.uer, glass type, capacity of 2 c. c. 
with accurate graduation. 

The needle should be a special lumbar needle of iridium platinum 7.5 cm. 
long and .1 cm. thick. It should be j)rovi<led with a stylet which effo<.*tively 
closes the lumen, so that it may not Imh-oiuo eli>gged in its introduction. The 
needle point should bo ground on a .short bevel of not over .2 cm. and shouhl be 
keenly edged. The .syringe and needle should l>c boiled only in pure water for 
15 minutes Ixjfore using, as any trace of alkali may de(;omj)oso the anesthetic. 
The syringe should lx? taken from the water still hot, .so as to warm the aues- 
thetic solution. 

Preparation of the Anesthetic Agent. —The agents employed in order of effi¬ 
ciency are stovain, tropaeocain, and novwain. 

These arc dissolved in water and sterilized. The solution is rendered either 
distinctly lighter, or much heavier than the cerebrospinal fluid, so that the route 
of diffusion, which (K'cnrs slowly, may be plotted in advance and the position of 
the patient adjusted accordingly. 
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The solution is ina<l«- of li;:hti*r sjHviho ^nivitv hy uUmIioI and heavier by 
sugar of milk. Thosto\ain M>huioii must Ih' ludditiod to avoiil j)rtvij»i(alioii by 
the alkaline eereliro-jiinal !hiid. 

The lighter >olutinii» an- the more ti'eful. L\eii for eer\ieal analgesigU tlieso 
ujay be enijiloyed. inil't leii ui the liiml>ar region, and alloweil to ditfum' upward. 
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c. iL 


T^'he.-e solutions ari* comenieiill\ Kept in ;mi|tule>. each containing ti e. e. of 
solution. They .-liould he prep.irei] ninicr a-ejilic jnecaiilions and sterili/eil by 
the inteniiitlent niethoii ami at tenipi'ralnre- not aho\e <;.'i t’. ( 1 I'.t I''.), 

{Solution>. nnnle from 1al>lel or jiowder carr\ .■-ome risk of inffs-tioii. I’hero 
is no advant:ii:e. «-xeept to alter the spcciiie oravit\, in adding to the solution 
adrenalin, sfr\ehniii. ohn'o-e. g'datin. m ‘•iniilar .'idistanees. 

The dose for the adult of each "olntioii i- fri>ni 1 to e. e., tin? larger »hiso 
Iteitig einphned onlS' for rohnst adults. ()| these sointions that of Mlovairi is the 
most jMtwerftil ane'thefie and motor ]i.iral\/aiit, most loxie, most aefis'cly 
heniolsfie, and the .sirormo-t protojdasiirje poison. If not aeidnhiftsl it, is pro- 
eipitafeil h\'the alkaline een lirospinal llnnl. It gises exeellent atn-sihesia. 

Tropae(K-ain is si,messliat h -s aetise as an :inestheti<* and is eoiisidenaj hy 
some to has'f* fe\v«T untoward ctTeeis. l-.aeli anesthetie ulien in soliition may 
show variations in analgesic power ami in to.xie action, possibly dm; to iinperfeet 
sterilization, to hy-proiluets not eliminated in tin; maniifaetnre, or as a result of 
the deeoiiijH'isinir •dTr'cts of heat. 

A’ov(K‘ain is imieh weaker than sfoeain, hnt is not, preeipita1e<| hy eerehro- 
spinal fluid, and even in a !•' per cent. Mdiition is not actively hemolytic. I'lie 
clinieal eftieieney and eliniejil toxicity of iioMs'ain are alsjnt ['-j that of stovuiii. 
The loss of the sense of touch is less under nov<N‘uin. 
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lJabc(x;k prefers solution A, injeetccl througli one of. the lower dorsal or 
upper lumbar interspaces. Thi.s fluid <iifFuscs rather slowly and passes toward 
the head or the sacrum, according to the po.sture of the patient. If, for example, 
the injection is made through the twelfth dorsal interspace, and the patient sits 
up after the injection, the solution, which ascends with an approximate rapid¬ 
ity of about 10 cm. per minute, will usually rcacli the lower (*crvical segments 
in alMJut I minute. The cmvical segments will he involved during the second 
minute, and if the patient sits up over J minutes some involvement of the 
cranial nerves may oe<-ur. As the tliiid becomes somewhat diluted in its ascent 
a larger dost? and, theretore, .a more prolonged effect mav he obtained, with less 
danger of high niotm- paralysis than wh.-n the higher point of injection, advo¬ 
cated by .Ionm‘.sco, is employed. Ane.sthesia involving the higher .segments is 
not so certain or so sale as that involving the segments below the level of the 
diaphragm. 

J he heavy .solution is used only where it is ^lesired to keep the head elevated 
during the ojieration. 

Prep.«tion of the Patient, |■,vf.•,■al,lv, il„. ... 

empty as for general aiu'stlK'sia. 

If the patient be nervous, or partial general narcosis be desired, this is 
secured hy mor,,bin with atropin or Ino.scin. These lirugs must be adniinis- 
tmed cautiously, and are best avonle.l in tlm.s,. piUients presenting ri'.spiratorv 
oKstPUction or depression from graie renal ilisease, ami in comlitions of grave 
toxeniia. I he usual do.sage of (he narcotic for a n.bust individual is, b.>ginnin<p 
one hour before the opm-atioii. im.rpliin ' will, .M.op.,lamin l/KM) grain mven 
hypodeni.ieally. Atropin, grain l/l.-.O, ...ay be snb.Mitnte.I for the .scopohunin. 
Scopolamin .should not be ad,„i„ister.-d in the N,.n„g, in fact, is undesirable up 
to .0 to .10 years of ag(*. Aft,*,- JO minnies if m. narcotic elfect is evi.lent the 

do.sage IS repeated. Occasionally a third dose must be given to .secure an 
obvious narcotic effect. 

The field of spinal puncture is swablasl with tincture of iodin, which is 
allowed to dry ami is tlnm washed otf with alculiol. 

Technic. I he following tisdinic of injc'ction is that given bv Kabcock: 

‘‘Hie injection may lie imi.fc cither with the i.aticnt lyinc on the side or sittiiitr 
on the oiicruting tal.lc. To avo„| mi.lcsiral.lc ditriision of tlic ..olmion, the injection 

t W-n"7l‘‘ '•P'-ralion .-md prefcratdy on the o,,ernti„K 

! V " ! "" ‘'"‘“I be well tlexed ..n the eh.^t the 

t iKhs on the nhdomen, so ns to nreh the hack and separ.ite the spinous process, 

tie patii'iit iH'ing so arranned that the spine is not rotat.'.l. The int,'rspa,e is l,ieato<i 
by n t<iw,d. th,' .slue ot which when pl.i,-,-d .m the iliac ,-r,'sfs will eros.s the fourth 
lunihar spine or n„erspa,v: or the inti^rspa.-e may he loeat,al l.v s.d.vting the i tor 

tJL 

»»«de alHuit opimsite the upper level of the field of o,,era- 
^on, that IS through the tw.dlth dorsal or first l.nibar iiiterspaee for up,H‘r iiMominal 
ork, and the swond lunihar interspace for operntious on the lower abdomen or legs. 
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Till' nowlle hIiouKI U' onti r.\l cI.-m* t.* ih,' ini.Uinf iiU.iii tin- I'.'ini'r of iW inU'Wpac® 
mul at riplit ti> tlu- 'url'.ui' i.f iIh- mul it 'li.mlil U- uUrmln.-ol iiMtil tlio 

ri-«i.>»taii<T of till' liif.iiiiiiiniin -iit.i!.i\uiti 1 ' fill, in till- Mililrin- tliis ina,\ liavi* an 
aliiioiit I'iirtilairiiioii'j coii-i'ii ih-n . ainl till- II'.It loll liMji.'iriiil ii'imll.v iiulii’aUn that 
iIk' projii'r iliroilioii of iLo ni>-.|lt' i' li, iin; tti.iint.inii >i If llio iuh'iIIo i’in'oiinti»ni^ 
only loo.'o. noil ci'i't.int ti"in' ii i' i.r.li.ill. ih i it hi' ihii.iti'il too far to tlio niili'. 
and it sliould ho witlidr.nui .mil r< iniI'o-hi. o<) mth nioro aoi iirait' orioiitation. Tin* 
.'tj lot i' now iMtIidr.tw n. ainl tin in.^ilo i' • uition'li ini'lnd forvxard witli Hliorl. 
(juiok slnikos a fow iiiillinu t. P' at .i tinii Thi lo" o( ro'i't.inoi- ai tlio iioinllo oiifi'ra 
till- lifi'Uo alHiut tho dura i' n"lid. .ind linn tlio 'liu'ht ro'i'lanoo iio< oiniiaiiii-il h.v n 
I>oroo|itililo and 'onntiiiu' .mdildo 'i,.i|t a' tl.i ic H'l dnia i' pMiioiiin-d. Thi' ni>o<llo 
IH ^•a^ltio^'l\ rotatid to in. Ko 'uii tii.il tin p" iit i' ^lllltl!^■ within tho oat tty of lh»* 
araohiioid. (’orohro'pin.d llmd 'hind.I i.ow di.-p fiiou tlio nooillo; if it i|oi-.>i not, tlu* 
lullloll of tho Itoiillo >-h"uid hi oli.irid hv tin i.'< « 1 iho 'l)lol. or llii' lloi'dlo Hhotlld 
lo 'O adjtl'ti'ii that llio (liiid will rim fi..l' . oilotwi-c ',il i'f.o'■‘ly .m.thri'ta lioi'ti not, 
Ih‘ ('.xjiooti'd. 1 ho U'.i.il I rrof' .1 Ii 1 . ■ iia 1 i in thi n. i dl< iipw ,ird i‘r I.ttor.iIK iii tla> iill ro- 

dtK'lioii. 'I'lio i)inmti 1 .\ of oi ri hro'inii.d thud |niii,iMid |o o'l apo 'hotihl ho ahoiit. 

that of tho 'flint loll t.i ho m_it i toil 11 ll ■ m i .Ih il. \ , iii ■ to tho 'ido a m ft o root may 
lo toiiohod, prodiioiny ,i li^dilniio- lil.i imii. n-i.ilK i ,n I i.il i iia down tho h If thin 
oootir' tlio iioodlo 'lioiiM ht miiin di.iii 1 \ wiiiniiiwii Old II ml lodiioi d, I’niii’lliro of 
th fonl |*r' mI iH’t s iiti >.1 ii>;jn«'?!. .1 >1'I. Ij’i* 11 . t.• 1 .1 \>»nI* •!. >i » 1 1 \ * Iy lui 

•'Tin- rinno oha roi d with tin .on -l In I o ■ h -:-n i - .1 )’i' • d lo I In' nondlo and f riai 
ofiiniinili loal loll with tin arai liin.id .n.' on pr.oid lo oiiilK w 1 1 hd r,i w 1 up tlio pi«toii. 
'riio imxtnri' i' now o.iiil imi-K ma-iid md tin in.dh i,iiioKK wilhdrawn. Apart 
from plaointr a 'li rih- tow, i | on 1 In p ,t i.t. 1 In i ."i .. 1 pmn l nro ri ijii 1 ron no di'oKKiiijr. 
If a liu'lit ano'tliotio 'olnlioii he 'i-i 1 tin In ni .ml -h'lnliiii' III llio pain lit liin'l ho 
inxIaiitK' lowi rid and ni.iml iimd in'•o,'. lln |i i ■ i ol 1 In i|"r-iihinih.ir roi.iioii for half 
an liotir iiftor iho injiiiioii If a In n\ 1111111011 In iniplo'iid llio 'honldora and lioail 

mii'it ho kopi oht.ilid lor .1 1 orri'|H.iolmi' piri 'd oi imio Inipropir nnoomoiil of 

tho pntioiit and l.ioK of ihi'o pri ■ miioH' .m ri'p. ii-ihh lor m.iny o) iho riooidonl“ 
of 'pinal aiio'tlii 'i.i. 

"N’ail'ia. pallor, or in.irk'd lowirin;’ ihi t'lil-i liii'ioii ii'iii,'il!,\' indio.iio 'hat 
tho ano'lhilio i- ro.ii'lini;r to,, tiifh .1 li i‘l. .n.d lln p.. iiion of 1)10 p.ilioni ►hmild ho 
fnrihor nioditiod lo ki, p <!'■ am - iln 1 m -olnt ...i, m I la low r jair! of llio »pinal on mil. 

■■’riio an.ili;i-111 'honld d.\iiop wiiinn l.ioi.r ihiio nim'ili •• 'I'o inoiii Hinr|.fO'l ii»n, 
tho |iationt ^hoiiM mur ho a-k'd a- to 'iii'iii'ii' "I jmiii, hiil tho analpoHin do- 
torminod l y w.ilohiiiL' iho t.n o a- ih- Km i- pim lad II no .iii.iljii'la m pro'oiil in 
six minilto'. llio inj>ot,on 'honld |o ri p< ilid n-inp lln '.inn- do'.i|/o, and porliii[iH 
■a lootiHir aliotliir inti P'p.n 1 l,.iii. "I ,im-ihi~i.i in i\ follow from tho ii'o of impor- 
foi't .'olutioli'. faiinro lo inlrodnoo tho midh propirK, and loak.i(.’o of tho Hohitiotl 
fiiit.nido of till' arai'limi.d lln aii.i In’'-1 1 ;.'r idn ill> dioippiar-i wilhoiil niijih'nHiinl 
loii'iilion. from almM downw.ird m Itoni fori' livo to nmii\ niinntin If not ooiitrii- 
in,lioalo*I hy tho oiior.ili"n. ~i|i' of w.itir or hit' of 1.0 ni.iy ho adiinni'torod whilo 
tho patient ia on tho op. r.it ini' t.il h . ll tin- an.dni-la m inoflioionl and loo trulmionl, 
thort* ig no olijoolion to tlio a"ooiali'I adnnni-tration ui itlior.’’ 

IiKfUOX M. .\ .N t'iTII>'1 \ nv 1 M It VVI Nfil s I SMI','"Hi >\ 

Thi.s motliDil wa.'* iiitri><Iiioo‘l l>v Hior in Ilit(f). It wti.g cio«tjrnp(I f<ir the* pur¬ 
pose f>f niic'iflifti/iiitr rapi'lly ati'I all .'•tniottiros, ovon tho horios nm! 

joints, of a irivoii ‘S'i.Tnoiit "f an oxtn'inity. .\j|fslhoHia is iti'liiooij m hlor })v 
filling the venous oliannols of that ‘■^"'Tiiont with a oinisirlorahlo litilk of saline in 
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which the a/»cnt ia flissolvcd. Tlio area to he aTie.sthctized must ho one from 
which tlic hlood can lx; emptied and .slint off, lienco this method is applicahlc 
only to tlie hand and foot, or to any jriveii scffnient of a limh, such as the region 
of elbow or knee. 

Technic, —The j)art is depleted of hlood, first, hy elevation, second, by 
applying with tension a flat rid)her bandage spirally from the extremity of the 
limb j)roxinially. The ingress of fr<‘sh blood is blocked by so a<ljusting the 
bandage as to cheek the arterial pnlse. A good .substitute for a flat band to 
eut off the pnls<! is a piKMiinatic. <MifT sneh as is used for determination of blood 
pressure. 'I’he extnimity first being (anptied of blood by (devation and bandage, 
the Cliff is inflated by a small bicycle piimj) to a jiressnro about of) mm. above 
the blood pressure, nsnally to 200 mm. or 4 jionnds of jiressnre. 

A vein, the loiaition of which lias been pri'vioiisly markeil, is now exjinsed 
under infiltration anesthesia and a cannula introduced as for saline infusion. 

The best atjoul in this method of aiK'stlnsia is novnrain in dosage averaging 
0..') gram for the adult. For injection of (he hand or elbow this is dissolved in 
SO e. e. of saline, and for tlu' foot and knee in 70 to 100 e. c. of saline. This 
amount of fluid insures thorough distribution to the entire part. If an ex¬ 
tremity is to bo amjmtateil, then novocain nj) to 2 grams in 200 e. e. of saline 
is oin[)loye(l, since tlie overdose b(><'om<‘s coml)in<'(l in the amputated part and 
cannot reihiter the eircniation on ri'inoval of th<> heinostatii! band. (See also 
Contra-indications to Surgical Operations.) 

Over the seipiestrated area am'sthcsia apjiears within .^) minnte.s, becomes 
complete within IT) minnUis, and lusts as long as the jiart is kejit i.schemic, and 
usually continues about 1.') minutes after the circulation is ri'i-stablished. If 
the preliminary evacuation of the blood has been incomplete, this will gather 
at remote points, such as the finger tip, and result in uou-anosthetized areas. 
Formerly the veins were flushed with normal .saline before rei'stablishing the 
circulation, but this has lux'u abandoned as of no utility, since th(> toxic anes¬ 
thetic has already entered into such union with the tissue that it will not re- 
di8.solve ill normal .saline. The hemostatic bamhigi* .should be removed before 
starting suture to flush out the novocain and catch the bl(*ediug points. It is 
unsafe to keep the part ischemic for more than 10 minutes, for the life of the 
miisele cells ami other highly organized .structures may otherwi.se be perma- 
neiitlv destroved. 


Rkoion.m. Anesthesia by Txtra-auteri \i. In jectio-n 

In this method the anesthetic agent is distrihuted over the area supplied by 
a given artery, by inji'ctiiig the agent from a syringe into the lumen of the 
artery. 

Teohnio. —The distal part is exsanguinated by elevation and bandage as 
for intravenous anesthesia. The arterial piil.se is cut off by proximal constric¬ 
tion. Tho artery is exposed under infiltration niiesthesia and into the lumen is 
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iiijoettvl, liy fine Ijyjvulerinie syrin<n*, frnin Ii» 10 e. e. nf a 1 }H*r wnt. solution 
of novivniii. Tlie jiroxiiiiul e»>ii>trie»i<in is then releasiHi, allowing a ptntlo 
triekle of IiIihhI to wnsli ilu- ane'ilu'tie >aliiu‘ I'olmioii to that n’j;ion siippliod by 



Flo. 1 - - I'to UlMI IvimxiN'ii- Ml III. .11 |.l lt|..I..MI \m»iiii>h a »ijiiiiiii( III till* •■lllllW 

liHi* Iw'i'ii tmi 'V' HU* •■M iti'l I Jit '*J JJii> KHit 111 Jiif fillt'tl willi till' l)d.ic* 

iliji’i l<'«i Hii^» :»G\ t i*ti\ t ni. til \ • III 


tin* arterv. 'I'lic haml i- llicn ti:.’lileiM ii niilil aiie-the-ia ui'peiiiH. 'I he inelliod, 
while n'inj: le.-" anc'tlielie tliaii (lie iiitr.i\eiioii-. not .'o reliuhle in aiiestheliu 
elFet't. 

BCSUME 

Simple local anesthesia and local anesthesia as an adjnvant to light general 
narcosis have unquestionably a field of utility in major and minor surgery. Occa* 
sionally local anesthesia has decided advantage over methods of general anesthesia. 
Yet the enthusiasts in this method, in an endeavor to retain the. consciousness of an 
operated case, and to avoid the dangers and .sequelw of general anesthesia—which 
arises largely from improper administration—have overstepped the bounds of 
reason, by subjecting the patient to the psychic shock of consciousness of the opera* 
tive procedures, to neuroses from nerve strains, to postoperative cardiovascular 
strain and insufficiency far beyond that of general anesthetiiation, and finally in 
callously disregarding the protests of the physically and psychically restrained 
patient. By these forced methods of local anesthesia the attempt is made to aocom* 
plish practically without anesthesia, operative procedure in ways current before 
the days of modern anesthesia under the guise of safety and efficiency.—buu- 
acKiiiKi) Tir iiv riiK Im>ih>i:. 


GENERAL ANESTHESIA 

(rpiu'r.'il iiiirslln--iii rii.iy Ik- ,-iK-ur«‘<l l»y wvi-nil ilniga wlnV-li aiiKi»fnil for a 
tiiiio tlir> iK-livitv nf tin- m-iiroTi-^ of flu- «•< ntrjil iiitvouh MV.Klfiii, !)?|rilining witli 
tliK highest. Tlii-Ke finigs inliihil, first, n-ason, jinlgnient, nrnl will; then eon- 
sciousneaa; then the cortical motor ami bcmwry activitiea; then the rellcx 
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activity of tiio basal and spitial centers. Finally, only the action of the great 
medullary and Hyiupathctic centers which maintain the functions of the body 
necessary to life is left active. 'J'he function <»f the.se centers is impaired, as are 
in less degree the gcmeral cellular fmwtion and activity of all the more lowly 
organized body tissues. 

THEOBY OF OENEBAL ANESTHESIA 

, n'he g(!neral aiu.-sflu'tics u.sed in surgery arc hydrocarhoiis, all except nitrous 
oxid, having the comiiKin property (»f being active solvents of fat and fat-like 
iMxlie.H. 'I'he.se hydrocaihous Ix'loug to that groiij) of neutral f)r iiiditl'crent .suh- 
stauces which di.ssolve in living jirotoplasm without foriiiiiig fixed union with 
the ree(!|)tors of tin? cell as ilo loods and basic and acid jioisous. The anes¬ 
thetics entc'f and leave the cell treely and tiiichauaed: the amoiiut that the 
cell holds at any given moiiKMit lieiiig gov<‘rned entirely by the laws of difTiision, 
of vajior tension, and by the soliiliility of tin* given chemical in the watery, fatty, 
ainl other elements of th<> cell. 

Of th<! muu\' h_\(lrocarhoiis that are anesthetic onlv those are adapted to 
surgical anesthesia which comhiiu> the re<piisite physical jimperties of volatiliza¬ 
tion, diirusioii, and capacity todissoK** fats, with a toxic action on animal proto¬ 
plasm so slight as to he unimportant. 

I ho llau.s Mc'yers hypotiu'sis of tin' ain'sthctic action of tlu'st* drugs, as 
elaborated and established by (tverton ami .M('\ers, may he summarized as 
follows: 

1. All clicinically iinlith'ri'nt snlivtaiiccs which arc solvent of f.ats ainl liixiids 
are narcotic to animal iiroto|ilaMii iii so f.ir .-is they can nai-h it hy ilitTii-.ion. 

ti. Anesthetization is cstahlisjicil nioi-c rapiilly .anil in irrcati'r <lcfircc in those 
cells into the stractnri' and functional activity of wliii-h the lipoids most extensively 
enter, namely, the lu'rve <'ells. 

:t. The ctlleicney of these ditTereiit narcotics i-. di'jiendi’nl on tlic relative jiliysical 
uflinity id' the narcotic for the lipoids on the one hand, ainl for the otlier solvent 
media of the living body on the other hand, the hnlk of which is water. 

4. 'I'Ik' ctth-iency is directly as flic ii.irtition v-oetHeient of the ehemii-al hetweon 
Holution in oil and in water. 'This i> ohtained hy dividim; thi' amount whii'h rt'inains 
dissolved in oil hy the amount widely dilTn.scs to an ecpial volnme of wati r to estab¬ 
lish u balanced vaiior tension. 

Of the many tlmmsaml clu'uiical.s of this grouji which jio.sst'.ss anesthetic 
properties, only threv' are oenerally rv'eognized as possessing proper jihvsieal 
qualities of volatilization. dilTnsion, and .sohihility of lipoids, eomhined with a 
low or negligible toxicity toward animal protopla.sm. The.se are ether, eliloro 
form, and elln/l ehlorht. 

^ ETHEB 

introduction. — Of the various hvdrvH'arhon series, that radical is found in 
actual praetieo to he the lea.st toxic toward whieh animal protopla.sm has been 
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lonj^t atlaptcd. Th«' oJhyl nuiii'itl iti tin* I’onii <tf alcolu*! lias Imhmi a iioritml 
(‘oiirititiKMit of iiiiiiaul f<MMl >iii<a‘ flio «la\ tli«* Im-i aiin lia Ii\cil in staiiiiaiiJ swamp 
watiT. Animal protnpla-in has alwa\s hail in ih al w ilh tlu' lipniil solvfiit action 
of the ethyl nnnip. 

Of this •;ri>u]>, cth\I nxiil lili cth'lin cthi rl exi-rt- tin- must dearly delinoil 
anil iiiiist reailil\' euutrnlh-.i ai lin!'. Il i' iiili( ieiitl\ tlie sales! of all ellident aii- 
(•sth(‘tii‘s. Kormerly the ia‘«olls of nialailinini'^lralioii were eonfoseil witli the 
ph^ sio|oi;ieal aetimi of ether, hut with the e.ewer melhoils of ailminist rat ion ami 
the nwisioii of older method-, and apprei iat.oii l.\ the stirueoii of the necessity 
of pentU* manipulatioii of ti--ue'. ether ha- Iweome more niiixersally rix-otriiizi'd 
a.s the sate-l and most L.'eiier.tll\ ii-etid aiie-lhetic. 

Physical Properties of Ether. Ifihei- i- .i elear. xolatile liipiid of pungent, 
taste and odor. It i- liL.diiec tli.ni wati-r i-peeiiie :.'ia\il'. .Tl(i) aiiil Iioils at 
Ik'Iow hod_\ temperature i .it ('. i. 

'1 he \apor ten-ion at loom temperatiiie i- .iloiil |fi<t mm., \ieliliin,'. when 
.saturated in air. ‘'ifl per eeni h\ xoliniie of eiln-r \.ij)or. or so jM.|- hy 

weiirhf. 'lh(*\apor i- J t ime- he.o ni ili.m.nr. nid milil it lieeomes di Ifiised 
if Mows dowtiward in air like water. It i- hnddx inllammalde. 

(In pi'olonitei I ev| io-,nre to Injht or an etln i ■•i.idiial!' di\e!ops aldehvds 
and other more irrilatin:.' decompo-it ion piodnei-. The T. S. 1’. allow.s a hinall 

jKTceiitaue of aleoliol ,i> a pre-mw at i\e. 


I’m-ioi iioic\i, Ai I io\ oi h.'iiiii: 

Local Anesthetic Action. W hen expoo d to the air. a- on the -1. in. ether is 
a refrioeraiil h\ rapid \ oho i Ii/.it ior. I lie e.i Im n- |o-. m \.ipon/alion is only 
iilMMit 1 ti thaj o| w.Oer. hut th-’ \ ;ipoi i/.O ion ”oi - on rapidK at -neli low teni 
penitnre ( _'(• <i that i ther i- avaihiMe a- a letrpn rant loi-al aneHlIietie, 

Kther iiihihit- h\ ilireel ai-fion the -eii-of. .imi motor neiwe endinps, heino a 
weak loeal aiie.-thet le and relax.ml o| \o|nniar\ niiiode. 

Irritant Action of Ether on Skin, Mucous and Serous Surfaces, hither pro¬ 
duces a .sense of inleii-e -martin:.' on thin .-1 in. -in h a- that 'd the -iTotimi. and 
on inneoiis menilirime-. hnt ini-oe- no la-tinL' i nlhiminalot \- leaetioii. < )n (he 
eoiijmietiva liipiid ether eaii-e- inllamtmO Ion only wh<-n held lonii *>1 eontaet. 
The .soealli'il “ether e\e" i- iismilh <il lr;inm;Oii' or infe<’ll\e orifrin. In the 
irastro-infe-tinal tract liipiid ether proihiee- a -en-e of warmth and tenesmiiH. 
h.ther. 7 ~> per cent, in oil. prodn<-e- in tin eidon -liolo immediate Htiinnhition, 
hilt e.xert.s no la.-tiiiL' irritation or intiaiiimation. On the perifonemn and other 
serous .surfaces liijiiid ether indnee- neither ai-nle intlamnnition nor tidhesioiiH. 
Ill the respiratory tract etiu'r x;ipor in lher:ip«-ntie do-a^'c is ,1 mild stimulant. 
At a vn|)nr pressure of “<•' mm., i. e.. 1 per cent. h\ volume or It) per rent, hy 
weiiihf of ether to air at -e;i lexcl. ether \apor has -n little pnnt.'-eney as to he 
seareely notiecd except for odor. Six per eenf. hy voluiiu' <*xerts sli^rlit sfinnihi- 
tion on the larvn.x. (This is the mixture with which full snrfrieal anesthcaia 
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finally bccomoa oatablialicd and may 1)0 maintainod for many hours.) On first 
inliuliiif' tlio vapor rnixturo 7 per cent, causes coutrliinp, but soon becomes un¬ 
noticed. b'roru this j)ercentaf'e upward the vapor <rrows more stimulating. At 
9 per cent, a eougli is scarr-cly to bo rc-trained on fir.st inhaling the vapor, and 
higher percentages cause sc^cretion of mucus, [)arlicularly in the light stages of 
anesthesia. Fully conscious, man cannot hrcatln* slnuigcr vapor without a sense 
of strangidation, o.\cc[)t by gradually acciistoiniug the mucous membrane to the 
vapor. W ith tlu! gradual onset of general anesthesia the* vai)or may he increased 
to id)out per c(‘nt. by volume, or a partial vapor pressure of 190 nub., without 

evidence (d’ larytigeal or bronchial irritation other than slight e.xccss of mucous 
Hn(!retiou, 'fliis is tin; strongest vaj)or rci|uired for induction of anesthesia. 
Vapor ahove ila per cent, by vohnne up to 00 per c(“ut. (i. e., saturation) exerts 
an asphyxial effect and may lapidls overpow(“r tlu' res[)iratory center, yet even 
in this strcuigth there is no lasting irritation in tlu' respiratory tract. 

Effects of Ether on. Body Function. —KK.sfiit atio.v. Kther increases the 
depth and friMpiency of respiratory niovciuent up to the stage of d(‘ep surgical 
iinesfh(!sia. On overdosage gradually the respiratory center succumh.s, the 
r(!Hpiratiou grows more and more shallow, tinally its rate dccrea''(*s, and the 
patient may die of respiratory failure. 

llKAU'r AOTIOV. 'I'hc heart is stiuiulate<l in force* and fi’ccpu'ucy. I'he rate 
is iiKtreased 10 to JO heats per luiuutc. W ith any rt'spiratory insutlii‘i(*ucy the 
rate rises and the forett is diiiiiuishcd. d lu* heart suci'iinihs to overdosage.* some 
minutes after the respiratory <*cnter. l!ut with artificial respiration by insutHa- 
tion, thee heart heat may continue tor an hour or more* on eh'sage which has 
cau.seel ce’ssatieui of rc;spiratory move*!ne*ut. 

HLOOD I’KKssl'NK. The* hlooil pre*.ssurc rist*s about JO uini. in the; initial 
stage eit aiicsthe’sia, the*u slowly elreeps, re*achiiig the* normal in.l e»r J heeurs. 
Einharrassni(*ut e>f re'spirjitiem by blockage ed the uppe*r air passage, alsee the 
trauma eef an eeperative; preH*e*dure* iiupropcrlv e*e»rre*late*il to the* ele*pth of ane;s- 
the'sia, cause a trausite>ry rise*, fe)lle»wi*d by a sharj) fall e>f blood pre*ssurc. 
(diilling, leiss elf bleeexl, aiiel eive*i*de)sage' of aue'sthe’tie* (*ause* a ])re)gri*ssive* fidl e)f 
ble)eul pressure* eliiring e*the’r auesthe*sia. Fre>ui eive'rde)sage ot (*the'r the; pressure 
aline)st e*oui])le'te'ly re*gains the* e>riginal le*vcl within .') te> 10 iiiiiiutes after the 
inxe'cssive elosage ccii.se*s. The tall of pivs.surc freein triiuina, he*uiorrhiigc and 
ehilliug is rcgiiiiie'el uuich iiieere* shewly. From the*se* ele*pn*,ssiints. the* b!e>oel 
pres.sure is su.staincil far better unelcr ether than uiieler cbleereiforrn. thenigh ne)t 
80 well as uuele*r niti’euis e).\id. 

SKNSOKIOM. Ktbe*r like alcediol jitT«*e*ts first the nmst highly (*e><>reliuated 
Bcn.se’s. First, re'ii.sou. judgment and will are .suspcude'el, auel the* patient In¬ 
comes exhihirate*el auel e*.xe*ite'el. Mue*h of this e*xi*itiition is elm* tei the* leK*al stimu- 
latiem of ether in the respireitetry tra«*t. The* pure* e*the*r etr(*et, as seen in in¬ 
travenous injevtieui of the eleisi*, is indm*tjon of narceesis with ve*ry little* e*.\citc- 
mont. A certain elegree of generul analgesia is induced even before conscibus- 
ne:;ss is lost. 
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Xcxt in order, is sus|>c*iiili'd mid tlie patient pnsst's into R 

sukmnseioJM or automati,- .Mate. ^luM-i in he i-> ainetialde to stiL-.m-sl ion. Tho 
aiuIitor\ , taetilc* and niiiM'ular -eiiM-i exntiniie Im- a lime. Slight to violent 
8iikonscdon.s ex.-iten,ent i. pa^x-d ihroiivli. d. pendent on llie roiManee of the 
indi\iclnal toward the eili\l ra<lie;il .ind tlie external iinpre>.‘'ion.'< wliieli (lio 
subfonseion.s jiatient nxeives 

Next in order, tlie lowi |-centers are inluhiied "o that auditory inijtre.s.sionn, 
tactile and niu.'enl.ir .■'en>(‘, and all motion except tin- relh-xes are .sui*j»ended. 
1 lie entire'eot tieal tnnetion i- now .ihoh'hed and the deepenim.; an<‘sthesia I’on- 
tinnes pro<ires,sivel\ to de'en-iii/<' ihi ha-al and ■-pin.il centers ilown to tim ^eat 
primitive vital eenter.s in the med 


Excretion of Ether. I'.ther i-. hiellx excreted h\ phe'ical difTn-ioii into tint 
alveolar air. a .Miiall amount i- oxidi/ed in the ho,|^. Owin- to the phvsieal 
aflinity for iat. the tat' and hpoid^ ten.i. ion^ly hold a trace of ether no ||nit 
excretion continn«-s on the hreaih tor a- l.ma a^ .".i; hours. 


( It -X IC \ I. ( ot i;si 111 I'. Ml I i: ,\ X I s 1 11 I si \ 

First Stage or the Stage of Conscious Excitement: The Period of Cortical Dii* 

association. ■ 1 his ,-iace hi’ain- with the lu-i fe^pii.iiiri-x i-limiiliH of tlu' 
pungent rather disairreeahle odor of ether. It this odoi he ma-ked hv oil of 
orangt* and the a<lmtiii'-t r.ition he araduall'. and cantioiislx increased, there in 
little Hot i<‘(‘ahh* r(‘>pir:ilor\ irrii.ilion. \\ ith rapid adiiiiniKi rat ion there ia a 
sen.so of .siilfilealion. repe.iled elo'iire ot the eloitis. holding of tlie lireiitli, 
eoligli. and repealed swallow Im;. 

Soon the respiration heeomes rh'thniieal and de«>per and ijiiieker fhiin 
normal, am] tin* skin is slejliliv flushed and the pnUe aeei*h'rale<i, d In* patient 
Ih*<*oiiu*s nieiitallx eonfiised and xerhal le^pfin-e hi conies jiro^ressi \'el\' tnore 
ineoln*reiit. Ily jiroper MicyesHon mi the pmi of i|ic anes|hi-tist, tlie patii*iit 
rc'inains cpiiC't and reassured. 1 hsfei hmicc- of the spcenil sen-es are eomiitoii. 
AM .skin reactions an* |tre.enl. The jiwpil is ijilat. d and nml.ili*. I.oss of eon 
seionsnes.s takes place ahrnp;l\, ii'iiall-, in ahoul J minutes. 

Second Stage or the Stage of Involuntary Excitement: The Period of Sub¬ 
conscious Disassociation. .Miinorv ami intelligent \<dilion are |o-t. 'I'ln* pa¬ 
tient re.spond.s to the stimulation <>l exiernal <'n\ironnii'nl. If tlie ether Ik» 
erowth'il fin* hreath is hehl and resjiiralion hi-eonn's fln'ri'iifti'r irregiiliir. 
Eangliin^, .slionling. ami sirngirling ma\ In- met \xitli, ii'iiallv in tho.se jiatient.s 
who from aleoholii- or other nari’oiie hahits ]ia\e ite<jnired .sindi ii.ss<>eiati()ii with 
this stage of ane.sthesia. 

This iiivolnnfary exeitennmt may lie mueh diininishei] hv pro|)<T Kiiggentlori 
k' llte anesthetist tlironi;!! the ainlilory ei-nter. If restraint In; iieeehsiirv, this 
>-s first exereiseil hy full toned verbal Mici.>e>iion. for example, that the patient 
cannot move, later hy jdiysiially ini-dins-titm'^ any fihvsieal effort of the siil)- 
conwious patient. IJarely i.s direct fon-e in eded to ojijmse thow efforts which 
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the patient may rnahe to cseajjo from the siilx’onseioiis hallucinations of this* 
sta^c. 

The pupil coiitiimcrf iiiohilc, tonds to he lai’no and may lx? irregular. The 
voluntary iniiseleH are held .stitily, oe<‘asioiiaIly in tonic spasm or in clonic 
tremor. 'I’lie .seercftion cf tears mucus and .saliva i.s stimulated. The skin 
grows more flushed and moistein'd svitli p»‘rspiration. Hreathing tends to be¬ 
come irregular from siieli ohstruetion as eleneliing of the Jaw, movements of 
the tongiK! and of the pharynx in tx-peated a<‘ts of swallowing, also by stifTen- 
ing of the geiina’al ninscniatni'e. 'I hen comes a gradually increasing stertor, the 
muscles redax, tin; hreathing hecomc-s regular. 'I'lio-se paths from the subcon¬ 
scious mind which may slinmlate or inliihit the medullary and spinal centers 
are hrokem, and tin; patient pass's into tin* tliird .stage; of ane.sthesia. 

Third Stage or Stage of Surgical Anesthesia: The Period of Basal and Spinal 
Disassociation. - W'itli the onset of stertor and the simnltaneons general muscu¬ 
lar relaxation, the sfag<' for surgical opciation has heen reache(l. 'I'his recpirres 
usually in tin; average adult not li-ss than S ininntes. 'I'lu' more smoothly and 
(piietly anesthesia has hecn induced the better the suhsecjiient statins f)f anes¬ 
thesia. (Iradiially the snpei'ticial rcilexi's have hi'cn aholished, the cornea Ixj- 
eotues iinsensitiv('. 'I’Ik' pupil is usually modm'ately dilati'd, is sluggish or im¬ 
mobile in reaction to light. 'I'hc respirations are nsnally about tJtt to 40 per 
minute and of increased amplitinh'. Soft stertor of tin* ridaxed pharyngeal 
Htrueturi’s is constantly to h<> heard, nnh-ss the npjK'r airway he kept I'lTc'etively 
ojien by extending the Inaid and carrying the jaw forward. .Marked stertor 
should never h(> allowi'd. 

When opi'rative trauma is oecasione<l on some* richly I'mlowi'd sympathetic 
area the respiratimi grows rapid, forceful and noisy. 'I'his is always an indi¬ 
cation that the depth ot anesthesia is loo light tor that particular trauma, and 
the trauma should he inimedialely suspemh'd and the aiu'stlu'sia should be 
deepened. 

'J’hc eireuhition i.s not impaired in this stage by the aiu'stlu'tie. In fact, for 
Bcvoral hours the jnilse is of slightly ii^*r(*ase<l i>r of normal force. 'I’lie pulse 
grows more rapid and feeble, fir.st and foremost from eniharras.sed respiration 
and partial a.sphyxia, u.sually from ohstruetion in tin* oral nasopharyngeal por¬ 
tion of the airway; second, after an initial slagi* of ('xcitation, by those opera¬ 
tive stimuli which ean.se the foregoing respiratory increase, 'riiese stimuli 
may ho etl'wtually hl(H*ked hy proper de[>th of anesthesia. I'lu'refore, the anes¬ 
thetist must know the ti.ssnes and operative pnx'ednre which give ri.se to these 
trauma stimuli and gauge the required depth <>f the anesthesia accordingly. 
Another factor in the depre.ssion of the eireuhition i.s exposure of the body to 
refrigeration hy surface evaporation. To this the patient under full anesthesia 
is particularly liable because of the Hushed moist skin. 'Fhe bust factor, and 
the one of prime importauee, is hemorrlmge, the prevention of which is not in 
tlie province of the anesthetist. 

Through this ^tage the one best guide of the depth of anesthesia is the 
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breathing. Adiniuitttratitin nf s}i<>u!<l Im* I'oiitimmn'j but j;rrt(b‘<l nm^rd* 

* iiii; to tlif nci-oasil v. If nii luiiiiin.t! tli.' Im .itliini; btvuiiu'- i<b:illow with 

an •xx’iifiioiijil bn'atli. the jiaticut i- «lro|i|iiii^ iutu tlie ^iiln*<iiiviuus r.oiu', 
and in a iiioiiifiit will n-arli tlu> lc\cl of tin- ^olllltinu 

If (in full dosage lli(‘ brcatiaiuj; !■» l.< cniiiiii^ --liallow, ojHfiallv il iircoin- 
]>auiod b_v .'ilii.dit aiio-i-, tlic jiadfiit Ixatiu ovor aiif-dicti/cd. Any itiarKiMl 
rfsjxmsc of rc.-'jiiration and to tin- ui.iiui-iitai'. ^tiimilu- of operative' 

trauma iudioate'-' too li:;lit a (!ei;ree ot aiu -lln'i.i. 1 ule-;- a''plii \ia ('iilera !>>( a 

factor, iluj iiiar^iII of ."alet\ iiuder etlier I- la 11 u ide m tlii-* staiie. 

Tlio entire proj^if"* ol ailiiiiiu'-iraiioii le.is lie ;_'o\eriied bv the <|nalilv of 
r(‘>juratiou and tlie color ot the 'km and noii oU' niianlirane'. I lie luil'*', tin' 
eorneal rellex and reaelion of the I'lipi! aie 'eioiidan .‘Oii<!e>. In the deep 
staiiO the cornea i.' iii'en'itise. i-'or licliiei <le'.')(>e' of aiu-'the'ia the re'lex 
eontraeture ol the palpehi.d nni>eles i'elu-ited on li;dill\ toia hiu" the *’ornea 
with the linjrer tip. In tlie •'uhi oii'eiou-. /one 'tioklui.' the edee ot the upper lid 
aufliee's to elicit the alnoe tai'al relies. in the Indil 'nlieon'<'iou>i /one tin' 
iniiM-nlature ol the other eielid al'o nael- :oii! tlie level ol voinitiin: center hax 
iR'en nnhlm-ked. 'r!ie:-e retlexc' tire out e.i-ih am! .-liould not he called into 
repeated action hy the ane-theti'l. 

Fourth Stage or Stage of Overdosage: Tlic Period of Medullary DtaaMOciation. 
- In tlii.s .staee the "I'eat \it.d ei'nler- whnh in !h< prev loii- i-lar.n- weri' par 
tiallv or coinjdetelv di'a-'oelaled Irom iilh s oul-nle -immli mov heeiii to ho 
intrinsically de.seii'iti/ed. Ihe lir-t o| ilji ■; ai' H center'. all<eled is the 
re.spiratorv. I'liis Io'(*s it* iiornial 'cii'iiiveni -- to i-aihon dio\id and the etiinu 
lating inlliH'iiee of a'phv.sia. The ie-piration aioW' -liallow and with an iii- 
etfi’ctiial (piiek iii-pirator\ ea-p. It in.i' i\< n hceonie of t hi'\ii(‘ Stokea l'p('. 
riie ^kiii and iiine<iu> ineinl'iMne- l'Iovv p.iie w iili a ev.iiiolii- tinee ami tlie piilM' 
IH-Xaunes more rapi<l. lllood jire— me ei.nliiallv l.ill-. 

At the (-aiiie time or ,-liL’htly hetoie tin- -Iai;e tlie piijiil heeo.. i|ilat4*d 

and tixc’d a nd the cornea ell 111 el' in-in-iiive. 1 he ten-ioti ol theesehall leH.HeiiH, 
If the condition he not relieved h'. -n-pen-ion ot do-a”e with elTeetive vi'iit.ihi- 
tioii of the liine^. the jiatienl will .lie o| n-'piratoi v f iilure. 

This .stage mav come on gr.iduall\ h\ .-Imhi oveido-a-.-e, i. e., ahove !l(t min. 
of ether vajxir pre.—nre, or mav < ome on uither .'ihniplly lo’ profoiind over 
dosage, 1 . e.« al>o\'<* ijio niin. I hi- sinhhn ovi'rdo-a^e nniN' vk'i'ui* even in tiui 
stvoinl stag(* of aiK'-tlie-ia. hv' the inhalation, in tin* pernal 4if iiivvdiintary ex* 
citement, of excass.-ivi' eoueent rat ion ol ether vapor. I'roni the sudden over- 
dosage (!)f tlie iiK'ilnllarv centers durini' tin' imliiction period, the re.Hpiratory’ 
center right.s itself as .soon as vem-us hlood eea-c' to he overcharged by the prea- 
•siire of ether in tlie alveolar air. I'-ualls thi- recovery is a matter of dt) wv,- 
oiid.s to 2 minutes. However, from the overdo-age wherein the body mh a whole 
ha.s been graduallv hroiight to oveitension <iver a long [KTiod of anesthesia, 
the respiratory eenti-r mav reipiire '> to l'» iniimtes of ether excretion, through 
artificial ventilation of the lungs, to again resume elTeetive automatic action. 
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The symptoms of ovor(losaf;c may 1)C precipitated by asphyxia, usually 
from liifrh f)l)Htnu;tivo blockade in the upper air passaf^e. With asphyxia, par¬ 
ticularly that of gradual oiiHct, tla* circulatory centers arc rapidly depressed. 
Ether, itwdf, is relatively non-toxic to the circulatory mechanism. 

Pifth Stage or the Stage of Recovery: The Period of Inverse Eeassociation. 
■—The various hivels of the nervous iictivity arc rc'smued inversely to the order 
in which tlu’y are lost. 'I’lie respiratory and canliac centers again begin to bo 
inlluenced hy o|ierative trauma. Uespiratiftn becomes more shallow and quiet, 
the j)uls(! hecomc's slightly less freipuuit, blood pn^ssun; is lowered, reaction by 
the j)upil to light i(;furns and tin; cornea r(!gains its sensitiveness. Slight 
laerimation is prc'seut and the lid rethix reappears. In about 10 ndnutes, after 
an hour of full evcai auestlu'sia the vomiting e(!nt(;r is readied and any stimu¬ 
lation to the [iharynx or operatise irritation id’ the abdominal contents usually 
results in subconscious vomiting. If tlu're la; no such stimulation and if the 
ether has been evenly a<luiinisten“<l without repi'atedly drojsiiing from full 
anesthesia into the suhcoiiscious zom*, vomiting is less common. 

Next the patient responds to amlitorv and visual stimuli in a dull drunken 
way, but aft(>r being rouseil soon ridapses into a narcotic, sleep. 'I'lie awakening 
of eousciousiu'ss and memory is usually ahrujit. d'he patimit sudileuly asso¬ 
ciates himscdf consciously with his iturrouudiugs and if of well-trained mind ho 
takes coiuiuaiid ov(*r his <‘oufus(>d im'Utality. 

The tendency to somnolence usually eontinues, but there may be marked 
excitement. Tlu're i.s partial analgesia which lasts for 2 to .”> hours, ^lental 
and jihysieal lassitude may last many hours. Then* may he h(‘a<hiche. (km- 
seious vomiting, as a jihysiological ('ll’ect of i>ther, i> the exception rather than 
the rule. It is jiresent most frequently as a comi)lication of iutra-abdomiual 
manipulation ami occurs with irregular dosage of etla'r, and with that asso¬ 
ciated with partial asphyxia (d' the rehnaithing methods of ailnduistration, 
and with asphyxia resultant from poorly maiutaiiu'd upper airway during 
anesthetization and early in the stage of recovery. 


TuKOKKTK'AI. (k)NSim',I!.\TIOX OK TUK DM I MSTKATIOX OF EtIIF.R 

Introduction. —To induct! ether anesthesia smoothly and carry the patient 
safely through, at proper de|)th for the operation in hand, the tlu'ory as well 
as the practice of ether admiidstration mu>t he understtmd. riieoretical con¬ 
siderations must of necessity hi\ tirst expressed in scientific terms and applied 
later to the various empiric methods of ailmiuistratiou. I’y this application, 
the art t'f crude auesthetizati»)u heeomes standardized, and a definitely form\i- 
lated, intelligent prtx*e<lure. The data herein tabulated have been made avail¬ 
able by an accurate mixing and mca.suring apparatus, the ano.sthetoineter. 

Ether is eouimonly introduced as a va|>or with the inspired air into the 
re.spiratory tract. Ity diffusion thnuigbout the lung and into the bhxKl, thence 
into the neuron, a sufficient amount of ether accumidates in the central nervoms 
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tissue* to cstiiblish a state* of i:fiu*ral aiM'stlirsia. EiIht elilTiix'S to tlu* norvo. e'en* 
and is held tliereiti by a drivitii.' for.o kiiovui a* vapoi* t»*n>ion. scioiitilieally ex- 
prc'Hsed iii iiiillimrii rs of iiii-n iirv |>ri---iin>. Tliii^, to ^■^tabli■'Il and inaiiitaili 
fuir siirifical aiie^tliO'ia. llic Mo.u| tiowinu p.i'l tin* lu iiroiv iiiii!>t contain eou- 
stantly alnnit ' i |H*r (••‘iit. of rtia r. or. in t»‘ii-ioii. .‘ni niiii. of ctlior, resultiiij; 
ill over <•.(( por e*oui. of ith. r aoi uinulatinc at lital trillion in tin* <'i*nlt'al 
nervous systiin. I'lic tnr\ou> y\'it tii. dm* to its ;icin*ron-< supply of hloo»l, 
rises and falls lu ctlior contciil iinii b iiii<r»' rapnlU than tin* ii'.-l of tin* Ixaly 
ill resjatusL* to var\ iiii: etln i joi -'-nir in ibc liiii--. Tlic lii'iii tal ImmIv, partie’U* 
larly tin; suboutaiU'oiH (at, UaiiL’ 1*‘" froi-lx bailicd in l•tln'r (•baro'i-d blood than 
is the e(*utral uervous -V'lcni. toiu» ' to Iom'Ioh In',-- rapidly and l•\l■I•l•t<*H <*tlH*r 
more slowly. 'I'lms the yiMn ial bode .n-l' .i'' .i aoM inor on the cbane.es iu depth 
of uu(*blliesia ; if i< a ro'ei \oir al'o\«• wlm li liio < i nti.al nervoiis !.\^leiii may rist* 
or 1 h* 1 ow wliieli if inav I'o dojiloiod m ciIjit eontonl. depioidiiii.* on fin* rclafii'e 
]»en*i*ufiiiiO of ('filer \apor ( evpre--M'd a- vapor |oe'''nie| inaiiilaiin'd iu flu* air 
of tin* imluionarv alv('oli. 

Details of Induction. 1 lie oli|eeii\e in inineiioii i- to loin;; fin* eeiitral 
iH’rvou.s sv-'tom fo full ane>tlielie fen'ioii a- rapi'ilv and .'inooilily as jiossible. 
Fort v-(*i”lif to .‘i.'i nini. i- tin* feii'ioii re<|niied 1*' .all animal' to di ■•a"oeial«* 
eufir«*lv flu* <*(*i'elirat eoi-ie\, Imdinlim: e*.n'eion^ne", motor power ami sensory 
per(*(*ptiou ami as well to di'a"iM iai<- eoniplelelv tlie ri'flexes id the s)tinal cord 
that have to do with pain and lom li >iimnli, ami aboli'h the relies toni(*ily of 
voluiitar; mU'eh*. 

The ideal curve of ether vapor pre"nre to be maintained in tin* tidal air is 
shown III hiiiiire l.'I. Iii imim e lull an*'iln'i.i ibi“ eiirve must be tollovved 
approximatelV no matter liovv ermlelv .iml niiinfelli'’entIv llie ane'lhefie may 
he j^iven. I he more eveidv ami intellioentlv tlie eiirve can be loliovved, tin* 
better the an(*stli(*'ia ami Ic" iimle'iiable tlie iiniueiliale and alter elT(*els of 
etli(*r aiiesthe.sia and ol oper.il iv e tiannia I be enrv e diifer' in various pliysieal 
tvpe.s of mail onlv in the time M’lpiired i** imlm-e jine.'tla‘'ia ami arrive* at 
('vjuilibrium. I'ln* depth ol ane'tlic'ia e'talili'lied at any ^'iveii level ol dosiifje 
i.s equal for eliild and adult. 

Eor iinluetioii tin* vapor mav be 'tarteil jil about 1 ]»er e(*nt. or .W) mm. of 
vii|)or jire.s.siire. Inh.'ilatnui 't) a lew breath' at llii' do'an'e aeeus.tomH the 
unu*ou.s ui(*mhram* to ether and I'.irrn*' the .'eii'oriiim so far inf(* iim‘stln*sui 
that .su<.*cessivelV stronger v,ap<o' mav Is- inhaled willioiit irritation, until within 
a few minutes the stronue'l vapor m reaeheil. Ili;.'h ]»ereeiita;r(‘s (10 to ‘J1 
p^r eout. hv vohiun*) are in'('e."arv' f*ir iiidne!ji*m .'iiiee* the v*euoiis hloeal iii llm 
oarlv stage of auesthe'ia refiitns to the hiii!.; with litlh' etlier, having Is'cn largtdy 
depleted of ether iu fin* eapillarv uetvvork <d the hody. Only hy high jiereeiit- 
age of vapor iu the joihriomiry air eaii the arterial lihs.d Is* recharged (*ou- 
stautly to proiH*r am-'thetie tension and the eeiitral nervous sy.stem redue(*d 
to a state of quiet anestlie.'ia within reaMuiahle time. If tlie tidal voluiin* in¬ 
haled be relativelv lar^e, mid tlie slate of eoii.-s jousiiess readily subdued, us iu 
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a child, or if administration be continued for upward of 15 minutes, the 

vapor prc.HHUi’o iiwmI not risr; alcove 1-0 iiini. or 10 per cent. In fact, if the 
individual be in ]ireliininarv narcosis from iiitrous-oxid-oxyf'OTi or other light 
anesthetic, tlie ether va|ior iksmI not cxcecsl IH) nun. or 12 ]>er cent. If, on the 
other hand, the tidal volume Ik; small, line to the .snl)conscious control which 
cortaiji iiulividuals hold fiver the respiratory center through the first 3 zones of 
otluirization, or if tlu! absorptive; capacity of the lung he lelatively small, as 



la.— VAniH I’nKMMi'HK OK I^niKU IN' TiiiM. Am kou Ism c'lios isd M ms'Ii.n\S( k of I'fl.l. .AneS' 
TiiKsi.v. I’miliil im-'Miri' of Mipor m iiiilliiiu lrr.-* of iiicrcury. 


in stout people, the vapor for the proiujit f'slahlishnient ol surgical anesthesia 
must he carried momentarily to 210 mm. or 2>' per cent. 

^I’his group of eases is exempliiied hv athletic suhjivts and those who 
have been so adaptisl to light habitual uareosis, by aleohol. ether, tobacco, 
niorphin, cocaiu, chloral and other nareoties, as to he unusually resistant to 
narcotic disassoeiatiou of the snlH'onseious centers from that ot resjiiration. 
When at last these resistant low association paths are broken, then the most 
robust alcoholic remains iu the same degree of jinesthesia on the .50 mm. level 
as the young child. 

The surgical ojierative ]iroc('«lnro may 1 h' started at the peak of the induc¬ 
tion curve (Fig. Ull, but to protivt fully the nervous system from reflex 
stimuli it is best to wait until ndaxation has Inn'orne complete, and the vapor 
pressure in the tidal air has lioen lowercfl to 00 mm. This induction period 
may total 3 minutes iu the young child up to 1,5 minutes in the robust alcoholic. 

Establishment of Anesthetic Tension.^—The time aiid scfiucnce of the various 
body tissues in reaching etpiilihrium are .shown in the accompanying chart 
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(Fip. 14). After tlic' iiuluctioii jH'rioil. ihe neiu rjil Uwly teiifiion iis avenifpHi bv 

till* venous bItHul ^raiiii.illy rise-, iiitiil at ilie einl of llie eslaltlisliiiieiit jM'rioil 
the entire Uuly is in eqiiilihriimi. I'hi- lakes aln'iil 10 iniiuiles in the youiiff 
child up to JO or even I'O niiiuiti'- in a lartie rohn-l indiv idual. 

Stage of Recovery. Tlte evreiion time ami -efiuenee in loss of elher hv t.ho 
various tissues ativ'r ihe adnniii-llation .0 t liter ha- eea-ed are shovv n in h ii^iin' 
l.">. When till' lireiitliim: is full and the e\ereiion of etlier is uninlerruptixl. 
the nervous .system ilrii|i- iniii Imhl .lue-ilie-itt m alioul 11 luinules, and into 



Fia. 14.—l’i.or <»► lain it \ m on I'm—i nt i- rmv.o.oo Iumi Viii t si. I.oim 1 i .m-Io.n in II.ihy 

isliu-l llolltot Vm-ijo-m 


the sulKNinseiou.- sttile in almiil minuie'. 1 -mill' mi .ihoiil I'.i minules the 
lower IeV('l of llie suheou-elnll- /iUie l-oe paee '-.*1 I- retiehei] ami the vomiliiii^ 
center mav re<-ov(*r and -iilieoii-eioii- vi>miiue_' eti-ue. • 

4'he Iipllt .suIm'oII- eloU- 1- eiiTeied Ml alniut I.> lUMMlIe.S aild llie /tlllO 

of confusion in alniul miniite-. hrom ila* low ellier leu-iou *>f ihi.s /aaio 
rwoverv is pratlual, .-inee the iais <0 ihe Iwi<|v _v odd lo llie hlootl file Ittst trines 
of ether verv slovvlv. If .at any lime llie tidal volume of respiration In- oh- 
st rui'teil excretion of elher eea—es from the vemms hhwid mid the patient ro- 
lap.ses into deeper ane-thesia. 

If the adinini.sfration of eiiier e< a-es before llie entire ls»dy is saturated to 
full .miesthetic tension, rceovery is rapid, -im-e ihe nervous system, ffaininj; or 
losino ether rajiidlv, s<«in halame- with and tlien drop- Isdovv fin* (retieral ten- 
•sion of the iHidy. Thu-, within minutes after sliort full miesihesia, the 
tension of ether in the nervou- -v-ti'm may liave dropjied low into tlie zone of 
confusion and the jiatieiit 1 k' fully cons<’ious. 

7 
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Zonet of Aneithesia. —Tlio depth of anesthesia is governed by the tooBion of 
ether cstahlishod in the eentral nervous system. This tension is dependent on 
ettier diffusing ae<;ording to the vaj)or pres.sure maintained in the tidal air, 
cither to or from the nerve tissue through various iiitermerliatc media, until 
a bulanee is finally established. The zones of ether dosage at vvliieh tlie various 
phenomena of other into.xieation heeorne persistent an; given by Figure 16. 
Those zones have been <!stahlishe<l and the utility d(*termined hv mo on about 
3,000 oases at tlits IhM)sevelt Hospital, and hv confirmatory findings on tho dog. 



No variation lias boon observed la-tweim adult and child, holwcs'ii strong and 
weak, o.xcept the time rei]uired and dillicuify of hringing the subject to eipii- 
libriiim in halanc(‘d vapor tension. 

Phenomena and Utility of the Zones of Ether Anesthesia. -ZONK i; THE 
ZONE OF CONKHSION (0 to I.'i mm. of «‘llu>r vaj'or tension). Ki'ason, judg¬ 
ment and will are much clomle<|. there is mcmtal confusion and a tendency 
first to exhilaration, later to somuolein-e. Mod<‘rate analgesia is jiresont. The 
mind is open to suggestifm. 

This zone is usefid to produce .stimulation, confusion, and analgi'sia on very 
ill ease's in which some minor proceilure such as thoracotomy for empyema must 
bo performed, and wlu're it is desirable to n'taiu eoiiseionsue.ss and tho ability 
to move and cough at eommaud of the surgeon. The analgi'sie action of local 
anesthetics is ninch heightened in this zone. With magnesium sulphate ad¬ 
ministered as a general anesthetic, a danirerous anesthetic, action is developed. 

ZONE 2: THE LTOHT STTBCONSCfOUS ZONE ( In to 'Jf) mm.').—Tn this zone, 
as. in zone 1, the reflexes are active, but the anesthetist is no longer able to con¬ 
trol the mentality of the patient. 'I’lie patient responds to stimuli by subcon- 

Boioua movements. Sweat, lacrimal, anlivnrv and mucouB secretions are exees- 
* * * ^ ^ 
sive. At the top of this zone and at the bottom of zone 3 the vomiting center 

is stimulatetl. Suiierficial anesthesia is present. 
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zono, but is in no danger, unless asphyxia by resjjiratory obstruction bo superim¬ 
posed on the ether anesthesia. 

This is the surgically id(!al and physiohtgically advantageous zone for all 
operative proc'cdiires wimrein fidl iiniscnlar relaxation and blockage against 
fairly severe traumatic stiniiili an* nspiircd. It is the zone for cranial, thoracic, 
abdominal, and joint surgery. 

ZONE fl: TilE ZONK OK l>KKi’ ANK.STllK.siA to 7t) nun.).—All reflexes 
are b)st, innscnlar relaxation is coiii]iletc, tin* j)Upil is moflerately dilated and 
inuiiohile to light, hreathing is of Icsscnctl lrc<iiiency and aiuj)litud(*, blood pres¬ 
sure is slightly lo\v(;red, and tlie heart rat(; increased. Reaction to severe 
trauma such as pulling on the tiM-scntcrv and the* biliary tracts and section of 
nerve trunks is very slight. 

'^riie amistlu'tist <*arries tin; patient into this zone only at such stage of oj)era- 
tion as induces profound vasomotor stimuli; stitmili \vlii<-li may ultimately result 
in splanchnic paralysis or other form of shock; sin-li stimuli as ti’action on the 
ine.sentery and on tlu; biliary tracts, operation on tin* heart, on ncr\’e trunks, and 
on sensitized joint structures. 'I'lms the anesthetist temporarily dc(*pens 
auestlu'sia to tin* most advantageous dcgr(*(* in corrt'lation with tin* n'(|uire- 
monfs of the oj)erati\’(> pro<*cdurc. 'I’he respiratory center may heeonu' danger- 
ou.sly depressed if atiy decree of iisphyxia lx* superimposed on the ether 
ane.sthesia. 

ZONK 7: TJIK ZONK OK KKOKOirND ANK.sTIIKSiA ( Tn to DO mm.).—Res¬ 
piration heeoiiK's sluillow atnl gasping, or ('he\ ne Stokes, in type, the .skin eold, 
pule, and slightly eyatiotie; the eireuhition fails in proportion to tin; degree of 
slow asphyxia; hloo<l pressure falls .'lO to (>() mm., and tin* puls(‘ lu'eomes rapid. 
At the top of this zoiu! the resi)iratorv e«*nter fails, hut life* imiy he continued 
by artificial respiration. 

This zone is not us('ful on account of the danger of rc’spiratorv failure and 
circulatory (h'prt'ssion. When tin* above noted symptoms pre.sent as a result of 
ovordcKsage the patient is dro|ipcd to a lower zone by decreasing or stopping 
momentarily the administration of ether. 

The following zones have? h»>en deduced from the action on human subjects of 
strong ether vapor in variously determining the ]irni)er do.sage for inducing 
anesthesia. The danger .symptoms have been only momentary on the human 
subject, hut the zoiu’s hav(* hct'ii more delinitt'ly estahlisin**! on the dog. 

ZONE 8: T)1E SLOWLY I.KTllAL ZONE ('.>0 to ’JIO mm.1.—Ueath occurs 
from respiratory failure probably rispiiring in man on the higher percentage 
at least 10 ininutt's and usually !.“> to .‘>0 minutes. Tf life Ik* ('ontinueil for a 
while by artificial respiration and do.sage 1 h* continued death is resultant from 
circulatory ctdla]'se. Tn the lower levels of this zone life may bo carried on for 
some hours by intratracheal in.snfHation, with the respiratory center entirely 
paralyzed. 

ZONE 9: THE KAPIDI.Y LETHAL ZONE (iMO to 1(50 nun.).—This zone 
may bo entered rapidly during light anesthesia by suddenly breathing highly 
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\ii|x)is, i. f., iilxiM- -js iHT l,v \olnim>. ] rrt'jriilar n>spiration 
luu . i It I air I In* mhiu dihitrs aiul Ihs^miu'S iiiiiiit)' 

Ml, tH K>|iiiati«>u aiul rtiriilaii**n tliniiiii^h. rNanosm lKN*ouirs iih»rr uuirktHl, 
and tiir i»ahrin uii\y iht n-^piiatorv failuir. I'Mialh whru \]u< /oiir is thus 
rapH 1\ (iitMid Ii\ ilu' ii>piiatui\ i-iilUr lla' Ut,l\ in oria'i'a! Ii;i> not \r( Imhmi 
.< atiirafrd will. ciIh t a...l thr .ihi,..,, ..f ;n..l inifal.ilil.v of i.roloplasni. 

fXC'pt Ml tin- iii‘r\nii, s\-t. iu, r. Mi.iln t'..r mativ iniiiiil.N. At'lfr hk-Ii xliort 

(.vi-'rwlu-ln.in:: il.oajj.-. w ,.i ,l„, m la il,-. i).,. iv.|.iraf<.rv 

rapi.lly l.alaiua-,-, will, , al t. an.l . ...piraf i..„ i. 

UtTi'llic ill thiw.iir r,ill\ .•>ial.!i4.<-.i w.ail.l 1„. iii,.\ ilalil.-. 


(ir.MiiM li<iiMi ,ii Mil A I'M I \ I- 11 : \ 11 < i\ i)| I<',riiii{ 
Introduction. Kili. r ('..r piilm..iian al-.i piiMi. nia\ !..• .Irliv.-iv.l l»v llu« 

‘•pi It UlitllDil I ll.-l.li' a 'll(•l■(•"|t.I| 111 li 1. ip' I III 1 .1 ll/r -1 l.'lclii'ii < W iT a II • Ipl’ll 
iiia>k ilriij, , 11 , III,,,! mv..|i.|. |.v iut.a initt.i,! |...iiniia Miiall .pia lit it ics iiiln an 
.■ni... I)„. x.,|„,r in.ix 1,.. |,;,pp,.,l |,iti..,, j„ „ 

I.ai: aiKi ivlavaili,.,l v\l,.,lU ,,| j,, p.,,, Or il„. li.pii.l 

rtli.T itiiiv 1 m- \,,|ali!i/,-,l at a cli-laii. <• an.l .l.iiv .-i r.l ml., an ... .-I.i.mmI 

face iini'k. l.l.iwii ml., iln- n..-liil- ..r ni.ai!]i. ..r .IiimiIv ini., ihc pliarvns or 
ll-arlica luipnr ,/m, i.itnilr.t, In.stif 

/hltitm. 

I'tir iinluclion. a- in ,.11 ann'liic'i.i, il.a . nx ii.mnii-nt -Innilil 1..- .piii*! imd 
cliccrtiil. 'I'lic ain-.tlicli-.| w|„.n|.l il,ai iIm h- am n-. I.h.m- (..miL'ii l.o.li.-M in 
tin* inoiilli. .\ -.\Mipalli. In- p-Ml.,.- .-..ntml ||,,- pati. nl ^li.nil.l l„- B,.<-iirc<l 
liy tin- anc'lln-ti-i. I la- p.m. ni -li.-nl.l 1..- . Iiain.l wiili, n ac-iin .l, anii 

(listrai-Ii'd Ironi tin- |ir...-, i|nio in li.in.l. X-- in.iii.-i l.,n ... In-lpl’nl wii;r 

L'i-slion> l.y ill.. an.-^llM-li-l ni.iv I.. nia.|.- i.. i!,,- paln-nl aw t.. liriatliiiii: 

and (piicfiidc. 

Open Methods. .\l>\iiMsrii \Tin\ i-,\ sr. i i>.hi\i; i.k.ii-s- inaii' mktiioII. 
— ■ .X nr\u \ M.X lari;.- u ir.' ni.i'k ..I ila-in.i.iili.-I |•.'nla^'ll, • Invlon.or .Xliivn 
i.s .-oMT.-.l w ilh I'min I'M,, I <; la v . i - aan/. . ( I In-o|, j.-.-t .,f i,,;,,,y !«v.-ra 

of fiaiizn i> lo nniltipiv lli.- -.urla.-.- It..in wlin-li clli.-r ina\ vapori/n. XX'linn 
iranzo iM-cnn.-. .-.dd ami ni.ii-i il.<- |,r..|.<-r \ap..i tfn.<i.in cannol lx- inaintainnd 
from a ■>'11 uiII -urtacn. 1 n.iii.-tn.n <>1 an.--t)ii--ia m'lilli.-iill with I.-.-m ihaii H liiy.-ra 
of jran/.c.) 

lo iiMc. 'riin f-Mu iiia\ 1.C .-.i\«r.-d l.\ a ni.ii-.! Imri.- pad ov.-rliiin l»v a 
strip ..f milfa-port-Ini li"-'.!.-. Iln- nia-k i- In-l.i !.mi..c 1\ in front of lln* pationt’H 
fac'c. and a few .Irop^ of ciIkt .im ad.l.-.I nnlil fin- patii-nt iK-.-.iiin-rt iif-cii.MfoiiK*<l 
to tlio odor. Any p!(a--..nt o.l..r \vlii.-|i will at lir-t ovi-rpowi-r fliat of rllinr in 
ndvantajri'oiH. ,«ii( li .m i' ol.faim-d l.\ addin^’^ a fr-w .Irt.pH of oMsonno of rirniifn*, 
RH sn;:jroMto.l l.y (iwaflim(-\. XX’lii-n lln- pati.-nf Inn U-conn. accimtomn.l fo fho 
loT'al stiinnlafion <.f ntln-r lln- raf.- at wlii.di flm cfln-r ix dropp.-d in iiirmimf-d. 
For the first ininnU- alx.iif a drop a nd .Mufll<-*-s; this nstalillHln-s in lln; tidal 
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air of the average adult a prosnuro of al)ont 20 to .‘50 mm. The rate is now 
iiiorcased to about 2 dropH per s(*f*ou<I. 

Gradually tlu; mask is scciindy seated against the patient's faeo, ijnd is en¬ 
veloped by (l<!f^rees in flu; folds uf a towel, wliieli forms a tif'ht joint round the 
odf'C of the mask, and dams hack the downward ilow of the heavy, gradually 
increasing ether vaj)or. 'I'lie respirations are wat<died and the ether dosage 
governed aeeordingly. 'I'lie rate of the (!th(!r drop is gradually increased so 
long as th(! r(!sj)iration keetps smooth and regular up to about 4 drops per second. 
At this leva;! a vapor pressiiia; <d’ from SO to 100 uiiii. is established in the 
average ease. Within .'5 nunnfes the- pafi<-nt ])asses into the stage (jf subconscious 
exeiteiiKuit. ‘I'ln? enveloping towad must tiow’ he mort! rdo.sely adjusted so as to 
also (M>ver tins tojt of the mask. 'I'he liipdd ether is now a<lded tnore rapidly in 1 
to 2 drum amounts at snflieient intc;rvals to k(M‘p the gauze thoroughly impreg- 
nutxal. 15y thus gratlually increasing the vapor at (irst and th(>n rapidly running 
the j)r<*ssure up to the full vaporizing ea[)aeify of the open mask anesthesia may 
be indneed without distnrl)ing the respiratoiy rhythm by otlan- than a few halts 
and <pdek(Miings of tins rat<‘, and possibly by a warning cf)ugh during over¬ 
stimulation. 

Ditlienity in indueing anestlaisia ariscM wdien the c'arly dosiige is .so irritant 
as to cause eoughing, light breathing, or holding of tin* hreath. With skilful 
adininistratiou the pc'ak of the (hdivery should he naiehed in (! minutes and then 
slightly deereused until stertor and ndaxation ajipear, wherenixin the dose may 
be grndiiully lowc'nal to about 2 or .'! drojis per second. On this hwad administra¬ 
tion must usually he eontiinK'd for the u<>xt 20 minutes. 

Finally a levtd is reaelKsl at whicdi a slow sneeessiou of drops carries the 
patient to full surgical anestlu'sia for many hours. It is diliieiilt to lay down 
a definite fornnihi. sine<‘ many fa<'tors eutc'r, such as tin; tidal volume, and tint 
amount of (4lier wastage on expiration, ami hy extraneous air ennamts. d'cHdi- 
nically speaking, tin's levad is smdi as establishes ami maintains in the tidal air 
u vapor ])r('ssur(' of oO mm. Without wastagt* this would reipiire alsmt 1 1 
medium-sized drops of ether p«T lit«'r of air inspired, or in the av<-rag(! hrc'athiug 
soimwvhat in ('xeess of a drop per sca-oud (aho\it 2 grams of (4her per minute'). 

The patient .should he held eontiuuously <)n a lev(d that is neither light nor 
profound. 

Dunn .Miyrnoii i\ (’iiir.oKKX.--During imluetion of anesthesia the young 
child exeredses no measurable c(»ntrol over mind and body as dex's the adult. 
To gradually induce ether anesthesia prolongs the period of exeitc'inent. There¬ 
fore one must start with such do.sage as will rapidly overwhelm the comsoious- 
noss. The mask is immediately saturated ami seate<l. .Vfter a moment of hold¬ 
ing the hreath the child cries, ami within 4 to (! inspirations has established 
sucli tension in the arterial blood and neurons ns to liave lost consciousness. the 
tension may rapidly become over])oweriug, hence the dosage mu.st be lessened 
within a minute and an iH’casional breath of air allowed. Full anesthesia is 
reached within’4 minutes. The dosage is now le.^isoned. Gradually the entire 
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bIt)otl stream ami IkmIv i\ hnmdit t.» full jin.'stlu'ti,* timsion of n^mt .’^0 mm. 
This rcHiuires in th,. vorv voiiii:: oliil.i aU.itt C mlioiios as imaiiisl 10 to (10 
liiinntrs 111 the jeliilt. 'I hen'after a e..iiiinuon. level ('«talilish(‘<l. on wliieh 
anesthesia nia.v W n,aintnine.i t..r l.ours. This l,.vel f „r tl.e el,i 1,1 is the same Its 
for the a,lul!, h„t .,vvi„^< t.. the ,li.Mnnl..r fi.ial vohnne of air the amount of 
Ctlier useO is proportionateK !e,-. aiel Ih lU .l,-..ps a minute mav sutli.a., 

Iheliahihtv to o\ei,h.st::i-i-en.Uer in . hil.iieii than intliemliilt litvause of 
tit f.natti piopiirt lon.ii r, »pir:iii,rv .ihsoiptive siirtai-e and smaller restTVoir 
eiijmeitv of hlooil ami fat. 

APMlMSTI^VTKlN ItV I'OClflN,: of SVtAI.I. I'OltTIONS: OI'KN ('t)NK 
M?/ril01).- I hm .iitlei> liniii the .hop lueth.ui in that the .'ther is a.hle.l to the 
niiisk intermittentlv. ami the t.iee m more inutile,1. \ ap.>ii/ation is yoverneil hv 

the extent of vapori/int: .Mirl.n e. ihe .. ,.t air ..\er that Mu fa.a-, ami the 

vapor tension of ether a^ lovveiv.l hv let i mmami hv water .•omiens„tion. 

l-ortiuiate|\ refrmerati.m m, hovem lh<- vap-.r ... .'ther that even if lUi 

exeess of ether U- ad.Ie.l an anpi.-Mmatelv .. . . per, entarc, of etlier f..r imliie 

tioii ol ane^the.sia i.' e'lahli-he,! automat n-.illv 1 ,ivv, r pm, entaL-es of ether are 
ohtaine,! in a verv irreeiilar in u.ner hv ln.•reaon;: the .nt-Tval ami ,l,N'reasin^' 
(he amount at ea.'h pourim:. 

Ann.vuviis .VM. Ti , hm, Tim .•,,n.- m.iv h, niml, of f,,hh,| newspaper, 
of a Imteher's eiilT. or ,.f metal , .Mlm inhalm- n Tim mask iisiiallv H-leete.) is a 
tie\V,spa]>er eone. eiiveh.pe.l in a h.hle.l l..vv.'l. Int,. this is pa.-k,',| a half var.iof 
jrattze as an ether reservoir, 

Imliietion i.s heeiin hv p.,nrinr .m the -an/,-, timi few .Imps us in thy (Imp 
mefho,l. then a .Irani, ami. linaliv, tov\.,r,| ilm jH-ak .,f the .h liv.-iv .-iirve at the 
end of :! miiiiues, an amount .,f eiher J t.. 1 .ir.nns at a time, ke. piim tin- -an/.,- 
eontiun.mslv nioisiene,]. (ira-lm.llv the .nm.iint is |,ssei„-,|, ,,i„! tli,. inlmval 
lietweeii the moisfeniiiL- of the -an/,- is im rease,i until them mav he an interval 
of .1 niiiiute.s l,,*tweeii ,|,,s,'s. J t,, I .ji.ims at ,' 11 ,’ll 'h'se. j his |s a roii^li pr.H-e 
dure, reipiiriiio the least skill ol all miiho.l'. Imt vieldiiiL- su)Ii,,i,,||| anesthesia 
fora .short operation, siu-h as the l,•,lm■ti,.n of a fia.-t ii re. The ereiitest ..hjeelion 
(o the method as applicl to jprol,int!i',| ..peiatmn i> the ii ri'-iilaril v with whieli 
lUiesthesia i.s luauilaiue.i. .Next to the .■h.se.l ,ii rehreathiii" iimtho.l the ojieii 
eoiie ha.s Is-eii the luo'f w i,ielv use,! ami .Imailv aiita^eoiis iiietlio.l cd’ ether admiii- 
i.stratioii. 

Closed Method. W la-re the exhale,! ti.lal volume i.s1rap|K>i| ami rehre,if,he(l 
tilt* method i.s .sjiokoii of as a close,1 iiieiho<l. .\nv o)m-ii eoue method trajm the 
t'xhalatiriii to .some sli-ht extent, hut the elose.i method traps the exhalation in 
iftr^:er part. Therehy the vap.>r jire.s-uic of ether is kept up hy Hiiiall iidditioiiK 
of fn-sh ether, also a small amount of heal and nioistun- is conserved, aiiv dc; 
'•ired de^^rer of nspliwia mav he indiieed. and eatism di.ixid and other wimto 
prodnetH are retahie.l at will. 

Tlie method in tln^ Iea,st .lesirahh* iif any nietlaxl of ether admiiUHtration. 
To avoid a sinister de^rrec of asjiliyxiu, of exaptrerated resjiiration, and the 
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aspiration of rotainco mucus and saliva in refractory subjects the anesthetist 
must be highly skilled. 

APPARATUS AND TECH N JO. —I'lic Oniisby and Hewitt apparatus may be 
liiontioncd as early tyj)cs. The llcunett apparatus is tlie preferable type. For 
induction with this apparatus nitrous oxid is usually employed as an adjuvant 
(see page ID.'J). With etli(*r alone tlie hreathing bag is partly inflated, a few 
drops of ether are poured into tlie reservoir, and the mask lightly seated. 
Gradually the ether dosage is increased by the intennittent pouring of small por¬ 
tions. After a minute or two an air vent is opened, through which portions 
of tho respin'd gases are exhausted and renewed. Thus the air may be re¬ 
freshed and the j)erc('ntag(5 of ether controlled in a crude measure. 

Vapor Methods,— introduction. —In all vapor methods the ether is evap¬ 
orated at a distance from the patient by the passage of a current of air or other 
respirable gas over or through the anesthetic. 

I’or tho iiuluction of anesthesia the vapor must be delivered into a closed or 
open-face inhaler. After ancstluisia has been secured tlie vapor may be blown 
into the nose or mouth; hut preferably it is insiifllated into tlie pharynx or 
trachea. The vapor may he concentrated ami small in amount and be diluted 
in tho respiratory tract by the inhaled air; or, preferably, it may be of such 
dilution us to furnish, in a volume of air suflicient for respiration, the minimal 
concentration of ether vapor necessary to induce and maintain anesthesia. 

Tho special advantages of tho vapor method are: first, that with a given 
apparatus, no matter how crude, ether dosage is more constant and controllable 
than by either the open or closed methods; second, a considerable amount of 
body heat may be conserved by moistening the vapor, and a small amount by 
wanning tho vapor, as is sometimes done; third (and most important), by this 
method tho bulk of air-vajior mixture may be delivered—for example, into tho 
pharynx—where it will .satisfy air needs in the act of inspiration without undue 
respiratory strain, thus eliminating the jiartial asiihyxia which so often is asso¬ 
ciated with the crude methods of administration. 

This is in theory and practice the most advant.ageons of all methods. The 
only objection to it is that apparatus is needed to impel the air and vaporize 
the ether, and that this becomes more complex as one approacbes the ideal con¬ 
ditions in which the entire tidal volume of vapor l>oth in bulk and percentage is 
accurately measured. 

TUB NEUATIVE PRESSURE METHODS OF VAPOR DELIVERY.— This 
method depends on the negative pressure of inspiration (as, in fact, do all the 
preceding open methods) to draw tho air over tho ether for the purpose of va¬ 
porization. For example, in the Vernon Ilarconrt inhaler a mask is connected 
with an ether chamber through which an adjustable proportion of air may bo 
drawn for tho purpose of impregnation with vapor. This is then sometimes 
popularly called tho “draw over metluMl.” 

A simpler proceiluro adv<x*nted by Crilo is as follows: After the induction 
of full anesthesia 2 No. 22 F, catheters are passed one through each uostril well 
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into the pharynx —a distance of 12 to 14 cm. fnnn the narcs. Them oathoten 
are connected with a funnel, which i.s i^ivcnsl hy iniur-c, onto which the etlier la 
poured for vapori/.ation. This jiroctsluro is t^|Hviiilly applioahlc when the 
operation is on the inoutli uih! the pharvnx is packtsl off. The samu pr»>ct*dnro 
may bo nsc<l for tiiicstlicsia throuch a Iraclusitoniy wouinl. 

The nejotfi^ve pressure inetliod throws extra stniin on the respiratory ap¬ 
paratus and exujriierates the tiepitive pn>ssure in the ]iharynx, then'hy te.udini; 
to tutpirato iiuieus ami IiKshI into the luiisrs. It has now larp'ly Ikxui aban- 
dotted for the iiu'thod dc'peiidiui; t’|)on ]>ositive ]>n‘ssure. 

THE POSITIVE PltES-St-Ui: METHOD OK VAKOK DELIVERY. - Moro offoo- 
tivo than the prceediiiir methods is the <leliverv of \apor tiuder prt*ssure, where 
it may bocoine available tor inspiration vvitliout exaep'rated stietion effort on 
the part of the jtatient. This uia\ 1 k> either iiiteniiitteiit or eontiniioiia. 

In the inti nnitfenf nirfhitil uf vojuirtitllvirji a slronj' vapor is blown by 
hand bulb, Ikdlfovs, or tither propulsive apjiaratiis into the nose, mouth, or 
pharynx ns need arises and is here diluted with inlialed air. 

The continuous nirllinil of i o/ior fiiHi t ri/ is far lM>tter. I'dther a Hiiinll (|uan- 
tity of conet'iitrated vapor may 1 h* eontimiously delivereil to the patient to Ix) 
diluted by his inhale<l air or, juad'erahly, the entire ri'<piired v<dume of dilut«<l 
vapor may Ixt jtrc'pared ami (leliv«-red hy projinlsiv*’ apparatus. 

Arr.vKATf.s lou 1 ’(»miivi; I’Kissfm; Mi miiids. .\ jiinirulvs in ('ompress 
Aiv, —For the .small <[uanti(y of air nee<led to vapori/.e and d<diver a hi>;hly 
concentrated mixture a lar-.’e hand hiilh sueh as is used for au alomi/er yields 
the ncccssjiry 1 to 2 litcTs of air per mimite. A small duplex dental fis»t Istllows 
yields by ca.sy pedalinjj from ."s to 12 lit<-rs jier minute. Oxyp'U huhhlin^ from 
a tank may also la* use<l .as the vchieh’ to eimvey the vajMvr. 

For the larp*r fpi;mtili<‘s of air needi-d in insuiUatiou nu-thods a phiss-hlow- 
oFs foot Ik’Hows, known in l■oInml•ree ;ts si/e tt, is eonvenii-nt (sei' Fip lit). 
This yields about one liter <if air at a stroke. re<piirin;r for face musk methods 
8 strokes per minute, and for insutllatimi about 2.% strokes pc-r minute. Far 
more convenient than thi.s is a jvortahle rotary motor driven air erjinpressor. 
Such an air apparatus is illustrated in hic'in- 2D. 

For permanent hospital installation air should Is* KU{>plied to the fjprjrntinn 
room from a eentral jtlant. 'I he air .slioiihl Is; eonipressed, waslied, nnd stored 
by automatic chx'trie-driven rotary «-ompn*'Sor or hy str*am pnmit, and delivered 
from a wall eock in the oix-mtinpristm at about 1 ixuind of pr(*sHure, thus avoid¬ 
ing the hum and anmoanee of jvortahle n]>parntus. 

Apimratus to Vaporize Htlirr .— Vaporizer for ('oncrnlrated Vapor. —In 
order that small quantities of air or oxypoi ah.sorh sunieient pf*reent4ige of vapor 
to induce and maintain anesthesia, the gase.s must 1 hi Inihhled tlirough liquid 
ether. The Gwafhmey and I.umhard ayqmratiis effectively wcurc this result. 
Tlie well knowTi Junker apparatus f<.r chloroform lias not the capacity for ether 
vaporuation. 

Vaporizer for Dilute Vapor. —The apparatus must bo more capacious Jo 
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vaporize the larger total qnantity of ether needed to impregnate the air for 
insuihation methods. For in tlicso methods, since there is no- rebreathing of 
exlialed vapor, and the mi.xtnre is eontinnonsly delivered, about half the mix¬ 
ture is wasted, namely, that portion which is insnfHated through the period of 
expiration, 'riie total etlicir vaporized must, therefore, ho double that used by 
the concentrated nujthod to hceiirc the same j)hysiological effect, or about 9 
ounces an hour. 

The typos of vaporiz.ers arc two: in the first the air passes over a surface 
of ether and absorbs what it will, depending on the extemt of surtaee, the rate of 
the air flow, and tlx; surface temperature of the ether; in the second and more 
accurate type other is dro|>|M!d in known ([iiantitv into a chamher and im¬ 
mediately and completely va|>orized by an air current passing through this 
chamber. 

For surface vaporization an area of at least 20 s(|. in. is necessary to 
evaporate the (itlier with .sullicitmt rapidity for the induction of anesthesia. 
Therefore, air is usually bubblctl through a smalh'r container of ether at this 
stage of admini.stratioii. After anesthesia is fully inducc'd a surface of 4 sq. in. 
will sulliee to impregnate! the air, llowing at the usual rate! of IS liters per min¬ 
ute. Liquid ether is chill(!d by the evaj>oratlon and gradually vaporiz.e8 with 
loss rapidity, d'o obtain luon! dilute vapor a portion of the air current is 
diverted around the vaporizing chamber, only a jxution i)assing over the sur¬ 
face of the ether. To obtain stronger vajxtr the (*ther Tcs(‘rvoir is kept at or 
about room temperature* by a water bath. Such an a|)paratns may be readily 
constructed from a Wol IT bottle! (see Fig. 21). 'I’lie I'ilsberg, .laueway, lloothby, 
and Uobin.sou apparatus depc'ud on this jtrinciph* of eva]ii>ratiou. 

A more eontrollabh! method, ])roviding the* ra1«' of Ih^w is known, is to dro[i 
(!ther inU) a chamb(>r and thi'n* immediately vaporize it into tin* air, either by 
dropping it onto a broad bottom or, better, by providing artiticial heat, as from 
an electric stove, d’he ether is usually <*outaincil iii aii oil cup from which it 
is dropped by regidatiug the feed c<H*k to c<mtrol the rate of drop. About 40 
drops in the average ecpial a gram of ether, .\fter anesthesia has been induced 
by fftco mask methods, ami it is desired to start insutllatiou, the ether inu.st be 
sot dropping at the rate of f to r> drops a se«’ond to maintain anesthesia, insuf¬ 
flating at the usual rate of IS liters per minute. Gradually the rate! of the drop 
is dimini.shed until after 10 minutes full anesthesia :uay be continuously main¬ 
tained by a nite soinewhat less tban two dri>ps jn^r second. 'I'he Flint ap- 
paratu-s, ahso my own vaporizer, a prototype of the ffillowing anesthetometer, 
depends on this principle of evaporation. 

The most accurate. .<4nfe, ami useful vaporizer, one which automatically 
measures the air aud ether, and mixes them in any desired percentage, is the 
nnesthotoiuctcr (see page l.'Il). 

MKTiTon ov AnNnNisTW.XTiov. TKriixTr OF TOR v.\roH :\rF.TTTor>.—The 
administration of tlu* ether is readily controlled by delivering the vapor mix¬ 
ture into the breathing bag of any closed iidialer. (For closed inhalers, see 
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page 115, Nitrous Oxiil Aiu'.-ithesia.l Tho strongtli iit wliioli Ou* vaj>er ahould 
be niaiiitiiiiie«i tlirtuiub iuiniit(‘>‘ is in Kiguro l.‘b The 

vajH*rizing cajau'itv nt itiiiIc imi't I>i- Ic.irnetl empirically ami flm 

strength governe<l by ilic H'.u ii.m nf tlie paui iit. I'lie unantity of (lie \n]>or 
mixture for tin* tii>t i' nrniuti> sb.-uld be ii..t !«'s< dian ;! literal thereafter at 
least from 5 to s liters slioulii 1m* ■>iip|i|ici| ea<'h mitoite. That is (>iiongh to (III 
the onlitiary iJ-gallon rubber breatbiim baj in abi.ut I'at M'l-oinls. 

When hy this face iiia-'k nietlioil ilie |>liar\ii\ ha*- rehiMsI. iisiially within 
from S to niiimte-, the (hinci \ ina\ be cliatiee<l t.i phar\nm*al insutllation 
(see J)ag«' I'.'i, or. for iicre e;biii\. aeiaiion ami for po-.itiM* pressure, an 
intratracheal tube ma** be intro.lnee*! when general r«‘ia\ation is obtainuilf 
* nsnallv within from It' to lo miimte-. 

An i> nil >f \ 111 I N IK \ 11; \i 111 1 Nsi I 1 I \ 1 io\ 

Introduction. A lorm ot m-'iiil’.iiion lia- lone been jirai'ticcil for special 
emergencies throne'll a t r.ielieoioni\ woiimi .iml ibroimli a tills* in tin* larynx.. 
l{(*<*(*Iltly, however. Melt/er ha- iie\l'<.l a I leei~e, -ale. ainl wiilely ap]ilic*ahle 
method of iii'iililation am-'llie-ni wlimh I.ii.es an important place iiniong (he 
mod(*rn .surgical proeednre'. 

Ill tin* Melt/er nielliod ilie tfacliea I- inlnb.iled l.\ a loosely tilling emhi' 
tracheal catheter. I hromjli th’- tnU- ether vapor or other anesthelie is deliv 
ered hv jiositi\<‘ pre'-nre well into llic 'lepih' of the trachea, mixed with a 
jiroper volume of air or other respirable •.■a-.. I he ether air mixture is the* 
•safest and nm-t i Ihcient and v'vill lie e\c*lii-.i\eK con-idereil lien*, altlioiigh 
eliloroforin and nitroii' o\iil h.ive al-o been epiqiluved in ihi'* wav. 

I’rimarilv thi' method wa-- de-ejned a' a diiTerential pre.-snre metboil, to 
ke(*p tin* liini;' in partial ^ll-(l•ntmn wlien tbr* pli'iira m opened, and to provide 
jrerfect aertition with minimal tliorai’m movement during' inlrailioraeie snrg'i'ry. 

.V wider seojie ha-- now lieen develuped tor the mi’tliod: 1‘irst, wh(*n oh 
stnietion to the upper air |i.i-'aae i- to be ant H'ljialed, during the operation 
either from po-tnre. 'iieh a- the l.iteral or j'lone po-iiion, or from lesions whie.h 
encroach UjMin tin* trachea and I.ii'nx; '-eeund. wIh’Ii the a-piration of blood and 
mn(*n.s or vomitn*» is impemiing. a- in o|>er.iiion- on tin* tonene and throat, and 
in the vomiting of inte-tinal ob-t met ion . third, in prolongei] opi-ratioiiH on 
feeble snhj<*ct.- hecaii.'e of the even, (nil aiie-tlasia. |m rfect aeration, iind the 
freedom from r(*spiratorv itisiitlieieney ami fri>m .sho«k which it secur<*H. 

The disadvnnta ges of the metho'i .in*: lir“t. tin* ne(*fl of apparatus to gmi- 
ernfe pres.sure and to vniMiri/c* the ether in a eontrollalde manner; hei*oni|, tlie 
depth of ane.sfhe.sia hv otlier ]ir'«*»*dnres r<*<jiiireil lM*forc* intiihafion iM-comes 
fea.sihle; third, tin* o<'easional dillienliy ami lime eoti“umi*d in iiitnhaling; 
fourth, the plivsieal and jilix.siologieal ri.sks from ovc*r-pressiirc*. 

Phyiiology. -.Melt/er has .shown that flu* tidal mov(*mi*nt of air in the 
reapirntorv tract is not n(*e<le<l for aeration nor for llie dilTiision of an aiica- 
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thotic, provided a proper air circniation be artificially maintained in the 
trachea. Effective insnfiiatioii secures such a circulation, from which, through 
diffusion, tho respiratory needs are met. 

The anesthetic state in insuiHation anesthesia differs from the usual, in that 
the respiratory movement is lioro slower and more shallow than in the face mask 
methods, yet oxygenation is more oHieiently maintained. Xo element of 
asphyxia enters, the color stays bright, and tho pulse remains the physiological 
pulse of ether ancsthosia when devoid of respiratory strain, namely, a full pulse 
of well-sustained pressure, accelerated 10 to 20 boats al)ovo normal, usually 
running 70 to 00 per minute. Owing to tlie even How of vapor the anosthotie 
state may bo porfcfdly maintained at any desired level. The patient may bo 
placed ill a zone of deep anesthesia, with complete blockage of tho traumatic 
stimuli, yet with no danger of respiratery insuflicicncy. 

Postoperative secjuohe are reduced to thosi; of a perfectly delivered vapor 
anesthesia. “Ether” or inspiratory bronchial “pneumonia” is unknown, except 
as a result of preliminary and postoperative inspiratory aeeiilents. The method 
in itself carries no more risk of pidmonarv irritation than iidialation anesthesia. 
Slight pharyngeal and laryngeal mwhanical trannia is weasionally caused by 
clumsy intubation. Owing to th<! ease with which inspiratory negative pressure 
is satisfied by tho rush of intratracheal delivery, and also to the double volume 
that must bo exhaled through the glottis, this uu'thod t(;nds to increase the iutra- 
thoraoic pressure, usually <limini.shing the negative and rai.sing the positive 
pressure about 5 mm. If the delivery Ih) excessive, or the return bo choked, a 
continuous positive pressure may be maintained. 

If tho phase of negative pressure bo totalK' obliterated by excessive intra-. 
thoracic pressuro (i. e., in excess of 20 mm.), tho patient may be rapidly thrown 
into a condition of shock. I'lierefore, when the didiverv is of excessive or un¬ 
known volume, or of <leliberately increa.sed prc.ssnre, as for intrathoracic sur¬ 
gery, tho How should be iuterrnj)ted from 2 to t times a minute to allow of de¬ 
flation of the lungs and to remove obstruction to the return of venous blood and 
lymph to the right auricle from the great venous sinu.ses and lymphatic chan¬ 
nels. 

Teohnio of Intratracheal Insufflation.—Tin' patient must first bo anes¬ 
thetized to full relaxation by the usual face mask methods. 

With tho patient lying supine, the liead is knuckled backward down to the 
table, until tho shoulders are slightly lifted and the jdanc of the face fonns an 
angle of 00° with tho table (see Fig. 17). A .laekson direct-vision laryngoscope 
is now inserted over the base of tho tongue, and the epiglottis is identified. The 
upper lip is disougagoil from l)ctweeu the instrument ami the upiwr teeth. Caro 
is token not to exert Icverngi; with tho upper incisor tooth ns a fulcrum. The in¬ 
strument is now carried decjK’r and the In'uk cngaigos tho epiglottis, and this, 
with the base of tho tougiio and the lower jaw, is carried directly upward as if 
to raise tho patient's head from the table (sco axis of arrow. Fig. 17). The 
axis of tho laryugoscopo is now iu lino with that of the tracliea. If tho patient 
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each iiispinition. Into this „i„ . , If "V ^^ ®" 

The catheter .ho„hl jJ. .J„ S “ by .Imvt vinion. 

incisor teeth. A clan. , I.h.m.Iv in -I H ' i * f"’ 

r • I ■ ' "111 lhe tivih, hohlinir it fnaii 

.l.pp.nB m„ |,.. , . „r 

tm-l,™ . ,„„l, I,. ... ,1.. ,1 ,,„ » 

catheter hy a hit of tluff r..ttoii or l.v .1.. i i » ■ . * . * 

passed is nsmllv „is • i «« tlic eaflieter is 

passed IS UMialU pn.j^-r ovnl, that the tnln- has passe,1 the uhitfis If on 

the other lininl. no ehh or l!ow t ikes nl ,,.,. r , • • ^ 

Ill, i-iMs place on respnatorv nio\'enu‘nt it is iim- 

Burnable that the eath.-i. r his l„...i, o. -..i ■ . ‘ i ‘oum, u is pru 

• 011,0 1 lias In on pass»‘(| into tlie i-,s,iphafnis. 



Kkj. 17 .—I’kiiisk or iNriuTHAi^EAL IsTensTJoa. 


If the catlieter Iia.s Ikh-u so nii.sdireete,) it i.s wilhcjrawn and a fresh cathcU'r 
properly in.serfe<]. If the mistake Ik- not diseovered until the pressure has bcHJii 
connected, and then di.«,'ov, red hy |ji,' <iilalation <if the stomiieh, or by expulsion 
of pilps of air and pi.stri,* se<-relion from alonfrsidc* the catheter, then the tulaj 
18 disconnected, hut not withdrawn until all the air has Wn exficlled from the 
stomach. 

Some few deft nj>erafor.s with lon<: firitiers can fneh in a soft rnhlior catheter 
ny feel, also the catheter may <«-ea.-iomilly Is- introdneed blindly tliroiiKh a 
curved hollow instnimetit shaped like a sound, the Hoothhy-fVtton introducer. 
Such technic i.s not rccomnicndrd. The .faneway intro<]ueer is a refinement 
of the Jackson instrument. 

When it is ovirlent in a breath or two that the entheUr is properly plaml, 
It 18 connected to the .air-ether supply. Hie tiil.injr shonh] Iw strapped in plawl 
ny adhesive plaster. A clamp may he attached to the tube at the line of the 
teeth to prevent compression by the bite. 
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The quantity insufflated sliould be such that on inspiration no air is inhaled 
from outside. Eighteen to 20 liters is the average quantity for the adult. This 
may be blown by 20 unn. of pressure through a 22 F. catheter. Allowing for 
the resistance of the connecting tube, 26 mm. is the average pressure desired at 
the other vapf)ri/.cr. 

The quantity should suffice entirely to supply the tidal volume during in¬ 
spiration. If any air can he lieard stickcd in alongside the catheter the quantity 
must 1)0 increased by raising the pressure. 

When the dejitli of anesthesia is such that it is feasible to intubate then the 
patient has already passed the induction j)eriod of ether anc.sthcsia (see Fig. 
1-3). If anesthesia has become light from the breaths of air during intubation 
insufflation of strong' vapor quickly deepens it again. Usually for 20 seconds 
the strength of the vapor should ho 6 per cent, by volume, i. e., 50 mm. of vapor 
saturation, so as not to induce violent coughing. It is rapidly strengthened 
to 00 mm., i. c., 11 per cent., then gradually decreased as anesthetic tension be¬ 
comes fully e.stahliahed until-after 40 minutes in the vigorous adult, or in loss 
time, according to the reactions of the patient, the vapor pressure may be main¬ 
tained at the 50 mm. level. 

On this strength of vapor anestlu'sia stays uniform through the succeeding 
hours of nnosthosia. Ten to 12 minutes lad’orc the close of the operation air 
alone should bo insufflated, which re.sjilts in rapid elimination of the ether, so 
that the patient is in tlu! light subconscious stage as the openitioii terminates. 

Maintenance of Poeitiye Pressure. — In thos<> infrecpient procedures of intra- 
tlioracic surgery whore positive pressure is desired this pressure is maintained 
in one of three ways. 

First, the tracheal return may bo choked by a tube, disproportionately large 
to the boro of the trachea, i. e., 26 to 28 F. catheter. This is a blind method, 
since the return How cannot be regulattHl. 

Second, the volume delivered may be doubled by increasing the delivery 
pressure to 60 to 70 mm. This is the usual method, but undesirable in that tbo 
lungs may bo subjected to possible over-pressure, i. c., constantly in excess of 20 
mm. 

Third, the best method is to choke the return by placing a hand over the nose 
and mouth until the cheeks remain in nuMlcrato distention. This yields the 
necessary 5 mm. of plus pressure. At 8 uuu. air. may be forced into the esoph¬ 
agus; if this happens a stomach tube should bo inserted and left in situ. 

From 2 to 4 times a minute the inflow of air must bo momentarily inter¬ 
rupted. Positive pressure is maintained only fbr so long a period and to such 
degree as is absolutely indicated by the operative procedure. Persistent efforts 
to keep a lung in full distention tend toward the production of shock (see 
Physiology of Intratracheal Insufflation). 



GENKHAL AXKSTUKSIA 


U 


AxESTUKSIA DY rilAKYXr.KAI. IxSl^KKIJlTIOir 

Introduction.—.Small <|iuiittitics ol* «t»m*fiitrausl aiuwthrtic va|x>r may bo 
blown into the j»liarviix, tu U* li»>ro .HliiiJ^tl with air insjiirtsl by tbe naiiont. 
However, a liifilily atlvantaut'ons .lcli\rrv i-j not attaimal until ll«‘ atu'atbetie i« 
already projwrly dilnfoil, ami the mixtiir<< i* of Mich Imlk as will entirely fulfil 
the needs of insjiiratorv elhu t ami i>f aia-Mhcsia without further dilution. This 
inotluHl is far imu-e eliicieiil than face iiia-k delivcrv ami ranks almost <h|Uii 1 to 
endotraeheal insulllatiou. liichr.!, as a routine nietlnHl. wher<’ hif,di eflieienov 
of insulHatioii method is demamlcd, it is prefcrahle to endotraeheal delivery, 
since it is iiKvhaiiically much imoc simple in its apjilication. 

Pharynjjeal iusuillafiou shares with «‘mlotiai-heaI iieliv<’rv tlu* following o<l- 
vantages: thirst, the common oh-tnu-tivi’ ililhculties of the up]K*r air passages 
arc largely overeomo hy delivering a 'iidicicnt tidal hulk In'liiml ami Indow tho 
base of tho tongue. Second, the mueus. saliva, ami hlood from o|HTalive pro- 
ecilure is hlown outwanl hv positi\fl\ iin)>elle<l air stnaim. (Siiiee uo ]unhlle 
forms in tho pharynx to Is- aspirated into the hrom hi, ami as no m'gative pres¬ 
sure exisf.s in tho pharynx to a-piralc flm saliva ami mueus of the mouth and 
tlie mucus of the nose, the socalh'd ‘‘ether pmuiinonia'’ is rarely met with tindiT 
this method.) 'I'hird, the iiK'tluul shares the l•v•en, full aneKtliesia eoimnon to all 
vapor delivery. 

Teebnio.— Tlu' saiiu' air pressure ami vapor apparatus are emjiloycal as 
those used iu endotracheal iiisulll.alioii. I he ino»i couvcniciil delivery device is 
a metallic Y-forked fuhe, henf to tit the iio^.e and forehead, eac’h fork cnirryiiig 



Fio. 18.— ^'ONNKUI. .VasoI'Iiahvm.i.si. I > HI'.. (F'.r i.liur j ii)« ul uiMidliilion j 

all 18 F. soft riihlver eatlaUcT with «lon!tle eyi-let. Kaeh ealhe(<'r is aboill 
Id cm. long. 

Heforc pharviigeal deliv<*rv can Is* inslitiitecl the patient, tniist Ixi aiiosthctizod 
to the stage of surgical n’laxatioji hy tin; iisnai face ina.sk methods. If anes¬ 
thesia be too light when insulihition 1“ iiiMitiited the patient will swallow air, 
halt in breathing, and may vomit. With ether as the agent, insufflation should 
not be starterl before f* to ininiifes as a rule. 

To lubricate the catheters they may Ik- moistened in the saliva of tho pa; 
tient’a mouth. The nose is tilted iij.ward and the catheters arc passed dirtctly 
back, one through each iio.stril along the inferior strait nf the nasal ehamlier. 
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If tho catheters bo directed iipward instead of backward they may become 
jammed and kinked. If tlie scptuni bo found deflected tb(*n both catheters must 
bo passed thron;;h the free; side. If the nose he doidjly obstructed the catheters 
must be iutrodue(*d ora. d'hey are passed a distance measnr(>d hy laying' the 
catheters on fin; face of tlm patient from an ala of tlie nostril to the external 
auditory meatus of the same sidi“. 'I he <;yel(!t of tin; catheter tlien He's at a level 
of tho opij^lottis, usually a distances of about 1:2 cm. from the nostril. IiisutHa- 
tioii may also ho {)racti<‘ed throu<fh a heut tid)e, iutrodiic^Ml throu<jh the month 
into tho lower pharynx. 'I'lio nasal n.nte is j)ref(*rred, as the tuhos arc more 
accurately introduced and lie in ]diic«* more securely. 

J ho (juantity of anestlu'tic, (hdivcu'csl should lu; of such hulk as to satisfy 
totally each inspiration without extraneous dilution, d'o satisfv the nct^ativc 
prosHuro of inspiration at the <;lt)ftis a total of IS litc's per minute must bo 
insufHated in tho av(‘raft(' adult. When the patient is hreathiii”; rapidlv this 
must 1)0 raised to 20 lit(!rs or may hi* droppisl to l.> liters at (piiet jieriods. A 
positive pressure of 2ti mm. at the vaporizer supplies about tin’ correct average 
(piantity through two unobstructed, IS 1*. (•athctcu's. ,\n instantanemis gas flow 
gauge in (*ircuit is highly desirable- to read at all times the ai-tnal gas llow. 

1 he jK’rcentage or vapor pressure cd aiu-sthetii- to hi- maintained is the .same 
as by fai-o mask and intratrai-hca! delivery (sei- Figs. 11, l.'i). rsnallv the 
mouth and jaw do not have to be lu-ld by the am-sllu-tist. If the jaw tends to 
drop hack so that tin- epiglottis obstrm-ts breathing, thi-n the head must be 
adjusted to one side-. If the mouth ti-nds to opi-n widelv, alhiwing tho vapor 
delivered to become so dilute that aiu-sthesia is not well maintaim-d, then tho 
chin should be. held toward tin- head of tin- tabic by an adhesive strap. 

I ho same e\(-n, ipin-t anesthesia, with the Inxurv of easv rcsjiiratorv movo" 
moiit results as in tin- endotracheal delivery. 'I'he patient shows in general 
good condition, the absem-i- of such respiratory strain as is often occasioned 
hy face mask methods. 'I’lie pulse and respiration tend to Ik- hut little accel¬ 
erated; the depth of anesthesia may be accurately controlled and the undesirable 
8Cquola''of crude methods of anesthesia arc largely eliminated. 

Maintenance of Positive Pressure. — Positive jiressnre within the lung for 
iutrathoracic surgery may be easily maintained by obsfrui-ting the return flow 
with tho hand over the nose and month until the clu-eks bnlgt- under moderate 
distention. W bile, this serves for emergency, yet the following is a better 
method (see Fig. 2.')). The return flow is blocki-d at the nostrils by a collar of 
largo rubber tubing slipped on over the delivery catheters, a collar of such size 
as to plug the nostril. Tho mouth is then hhx*kcd by a stiff rnblaw sheet or 
cofferdam, oval-shaped and slipjied in between tho lips and gums. This is 
perforated at its center for a pharyngeal breathing tnlic. To the breathing tube 
is attached outside tlu* mouth a common 2-gallou rnblier Tt*breathing hag. On 
iiisuflluting a vajwr mixture it is exhaled info this luig. The bag gradually dis¬ 
tends and maintains an clastic pressure against tho pharyngeal air, and in fact 
against tho lung Itself. The distention of the bug and c.\halatiun therefrom are 
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regijlatotl bv a oiK’k at tlu* tlintnl eii<l. 'I'iu* ba^ uiiiiit ltt> fairly firmly diat^ndod 
to yioKl ~i mill. »>f jint*.-wim' imain.-t tho liiiij:. tbvusioiially tlur Im^: ia doflat^od 
for a iiioiiuMit. 

This iiu'tliiHl of mjiintaiiiiiijr iwo-itivt* [irfs-un' is nmcli mon> ooiitrollnblo 
than fat'i' mask iiicthoils. It is not so otlicicni in iifraiin^ tlio lun^ aa ia tin* omlo- 
trachoal nifthod. 'I'liis laiior moilio,] (die oinlotraelieal) slionlil ihviili'dly la* 
(‘hosi'ii when Imili pleural eaiities are io Im- oju ii siniiillani'oiialy. 

Slionhl the stoniaeli U‘eome .lisii-inled h\ this nietlnxl, as it may do if a 
prPssnrt'of more dian 10 mm. U* mainlaineil. then a small f;a\ano tnla* may lai 
pa.sseil and left in .siin. Not h 's ilian > preterahly l.’i to IS liters, of 

fn*sh mixture slioidtl Ik- insiililatetl in this posiiivi. pressure metlioil. 

Tin: V otioi s I'mts <ik .Xi-i-oimi » I'si l^ 1 -.si 111 ui>«x .Vxisnirsu 

First Unit; Air Comprritor. .\- n .f :iir i.ns-nre, m small sir.-d trlaaa- 

IiIoWit’s ImIIiov. T Io I'J 111. 1- 'iillli ii lit. I lus 1“ <‘li|atlialile at small eosl from 

any hariluari- s(,ire .\ iTi'-nri •-( • mm and .nr tl.-u nl Is liters per mimite ia 
iiiaintiuiKil Io .'il“>ut sirnlvts a mmut* (I n- IM ) 



Fif). la—F ikit Ilp.iOlWs IIP .^iii r'liMriir.KSfiH rmi V 4 fiiK Aspsififsh. Hi»i- 11 yirldn wimi-whAt 
Imib Ihiiii fine liter is-r full •tr<i)(e. .ilsmi m .irnli's ;i imieite lur f(i»c-niasl» inelltiMlit, alsait ZA 
Klrrik'-s fur iiisiilllallull meiliisls. 


Jlotor-ilri veil Idower-i are more ei.nvi iii« nt. tif wliieli the heat ia 11 rotary rnm- 
pn-s^r of the "Ilypres-." type. Siiiall reeiproeatmir ti'imps are noisy and not eii{)aeioufl. 

Afralern hospital (’•piipmetit should iiK-Imje a supply of eompressisl air to tho 
opornfinff rorini from fin- einrine rmim. ohviafintr aIf<-iilion to this detail on the part 
of the anesthetist. 1 he Connell jrirtahh- air r-om|iress<ir is shou-ii in Fijriire 2 f). 

Second Unit: Filter end Humidor. — It is eustomary to Mow air through moiat 
KAiixo for purpose of filtration and water vajxir Maturation. Any reet-pfaele for the 
8 
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Kaiizc, Huch as a bottle with 2-way opening, siiffiffs. This is not an' essential, but a 
cltisirablo unit. 

Third Unit; Ether Vaporizer.— K ther is vaixjrized either by blowinff air over 
the surface or by dropping li<iuirl etlu-r in nu-asuret] amounts into the air stream. 
The simplest apjairatus is a .‘f-niouth Wolff bottle of a diaim-ter not ie.ss tlian G in. . The 
air enters one mouth, cireulutes ovc-r tin; ether, and l(“av(“s l»y a second mouth. The 



Fio. 20 .—Oknickatoii kou (^omphkhmkd Aim- CoNNUt.t. Poutviu.k ATodki,. 1. KIc-cIric motor; 2, (tonrs, 
oit-lmuscsl;rotary eomiircssor; 4, timlllcr;oil tank ami K- paralor, 0, Immulor and air filter; 7, 
itiHtaatarujuuH air fh»w gause; .S, .safety %alve; tl, hollow lM>ttoii) with eontrol rheostat. 

third is uscfl for renewing tin* litpiid ether. 'I'lu* tul)i' and stop eoek.s are so arranged 
(iMg. 21) that any portion of the air may lx* shnnteil around the bottle.s, tlu^reby 
weakening tlio total vapor mixture. Other types of vaporizers are dismissed under 
vapor metliods, page S<). 

A convenient form of this vaporizing unit is the Hobiuson, whi*re the essential 
tubing and stop eoeks are eondiiiui] in a lit! whieli tits any eommon fruit jar. If 
suiHeient ether is not tak<*n up by the air in passage over the ellier, tluai the vaporizer 
is immersed in a water bath at a lieat lu'twixai “r." and ■'d)'' F. 

A luon; eontrollalde etlier feed is tlie ilropping, from an ordinary oil eup, of liquid 
etlier onto a warm surface. When this is done l>y meelianieal correlation of the 
movement of etiu'r to tliat of air, a s«*ii'ntifieaHy aemirate proportion may lie obtaine<l. 
The nnesthetoineter is the latest and most effective development in this metlaxl (see 
page il.'!]. 

Fourth Unit: Safety Valve .—To avoid overpn^ssure, a safet.v blow-off valve must 
bo providetl near the patimit; this should be set at not more than 20 nun., .so that 
exee.ssive pressure on the lungs is iiiqiossible. The valves are of 2 types, the sub¬ 
merged and the pop valve. The submergml valve consists of a glass tube iniri(>d 20 
mm. into a bath of mercury held in a wide Ixittle. such as an Khrl.vmer flask. The 
blow-off imint may be varied by adjusting the dejith of the tube. The disadvantage 
of this type is the weiglit and cost of the mereury and loss by spillage and spattering. 
The pop type' of safety valve is more convenient. The pn's.'Ures may be adjusted by 
increasing tbe weight carried on the piston by spring or by li'eight on a lever arm, 
as in the ordinar.v steam engine safety valves. This valve should Im set at li? to 20 
mm., and should be in eireiiit near the patient, so that any cough is responded to by 
lifting the safety valve, and excessive pri’saiire cannot aceumulate. 

Fifth Unit: Intubating^ Catheter. —The preferred catheter is the straight cylin- 
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drictil pilk-wuvon, difllacM^ivi n^r im’lhnil <*nlhct«T wllli .-incli* latirsil iyi“. *iw» 80 
ti» -'rt F. Tin- |>at« in Y xf cHih .-.•nluior duniKI Iv ilcii-riniiitHl by Mowinn iliroiiffli it, 
aa e«>mi‘ havo an im- ' 

li<»ri-. Si/i* will carry 
Hiifficit-iit iiir nil prc-'iirc 

for tin- -J F. i» 

for tbi' -iiiall julult, .III'! 

24 F. f>tr till- lar^'i r loiall. Sl/i 
20 F. i!< ii'ni to I'lo.-k tl,.,- air 
I>*tliril Itlnllp'iili- tljo tlllic 111 111 
(rallinracii- t-iirin r> 

Will'll thf c.itLi (• r l-> In I'C 
iiitnuhici'il lo iitlii r lli.in l!.c 
liirict \i>iMii Till (ii< >i. Till 11 a 

— •ft riil riilibi r catlii-ti-r i“ 
lirffi-raMc. 

Accetsohet. (‘.iiin.i tm- 

tiiliiiii; fhiiiiM in at lia»l .'• l<i 
ill. Imre A' .111 ml riiiiui I r. tin- 
.Jai-k-'Tl (liri i t \i-|ii|i l.iri ht»ic 
m'lHic ii pri ll r.ilili i--i i I'ij;. 

17). rill' .1.1111 MMV 1 111r.iil'ici.r 
I' air c.\i'i lli iil iii-triiini III Iti 
Wriiniiiit-. I'l.r tin- Miml inlm- 
illli'lloll Ilf till- llllilll;.' I'.v M tl-.! 

Ilf fell, I'lli'll tile < I it 11 III 1 Ii •<'I III'.V I 



I It, -M >1 111 I \'\i’iiiii/l II \, 
I I 111 I It. Iilhii|i III1111. 1. tI 
..! « ill I 


WiillI Nail', linlltulltllliC 
rinilliil I llllll|iit, it. IlHiilll 


iIliiM '•i.uiiil •'liaiiiil ml riiiliii I T, are to l>e ili-erioil. 


l^lU\\l^•l|.^ .\l>\tlM''l IJ \ I Ii'N III I‘!i1II)£ 

Introduction. I lie nliii'cl in ilie iiiiniM'iniii'- .oliiiiiii'li'iiliiiii of i‘llii'r la to 

aatiirati; llii- lil.i to jiroju r .nie-lln-iie toii'iou. iliiaiiiiiiL' tin' |ili\aiolo^^ieai olToot, 

oil lln’ ni'in'oii ill ]niri‘ form, willioni tliosi- ;.|ijf clloeii. wliieli iiro ili'pi'mii’iit on 
till’ .'tiiiiiilalioti ot liirfli [n'reoiil;i;Ti’ of ciIh'I- in tin- ri>|oralory tnii’t. I’y t.liiH 
iii(‘tlio<| till* Iiloml iiiav lir lirmielit In .i-iilntion of jiImiiiI * | |ii*r eiint. ctlicr or till 
flln’r toti'ioii of .'ill mm. witlinnt llio \a|>or ]lrl■‘'■■ll^l■ in llm rofipinitory tract 
ever rcjioliiiiL' :in irril.itiiiir'loj-'roe. Iliiekliiirilt tlr-l :iil:i|il)'d llio motlioil to triufi. 

I Im ctlmr in ili-MilMil ~i to T..'> prr l eiil. Ii% voliiiiii’ in normal Kalino iirnl in 
inlroiliifoil liv intTiiM'nona infn-ion. 

Special Physiology. < in o-talili'-liin;; an intravi-nous (low iif alimit W c. c. 
per niiniitf of .'i per (■»■nt. cfln r in normal .••alino, llio initicnl iKi'omfrt (Jroway 
within 2 or iiiinntcn, aii'i tlioro is slight cxeitation of respiration ami of ptilw} 
rate. The jml.so trows full ami slightly im reased in ten.sion. 'J’lm Hkiri IxK'oxnou 
tlnahed ami nioi.st. 

I'sinilly witli very little or no mental exeifement, the jiatienf drojm off into 
n state of ipiiet mireofii.s. Shortly the hrejitluii}' her-omes rouffliened or even 
stertoron.s ami flie niiisi-nlar .system |ierfii t!y relaxed. The Htaf:(‘ of full Hiirj^i- 
cal anesthesia ha.s now Uvn attaitied. Tliis reipiireH alKuit minnt<>H, adniinia- 
teriiig about 2."0 e, e. of .“i to 7 jr<T <-eiit. mdnlion to tlie averatie individual. 
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A f'ter arriving at thb stage of full anesthesia this’is maintained by such dosage as 
will balance that ether which is being excreted by tbe respiratory tract, plus 
that which by diffusion is bringing about an e<inilibrium tner the entire body. 

The stage of reeov(;ry is attemhsi by the usual pbenoniena of a smoothly 
induced and maintained ether anesthesia. 'I’he vr)niiting is nineli re<hiced over 
the rougher methods of pnlmonarv administration. Occasionally with robust 
alcobolies the exciUmient is as tnniblesome as by othijr methods. 

With the onset of stcu'tftr tbe upper airway of tlie respiratory tract must 
bo adjiisOsl and held open and the depth of aJiestliesia gauged by a competent 
anesthetist. 

Tb(! advantages of tliis metliod ar«‘ those of a ra|)idly and smootldy induced 
pure ether atu^stliesia, without pulmonary stimulation. .\lso the region of tbe 
face is rid of iidndation apparatus. 'I’he disadvantages are tho'-e incident to 
ordinary infusion of saline in e.xcessive bulk when no saline i^ physiologically 
needed, plus the d(!structive solvent action of ether in high la'rcentage on the 
blood at the [)f)int wliei'c it first commingles and betoi-e it has i):-en diluted by the 
(general blood stream. 'I'lie solvent (dfect id' ether on the red blood cidls in such 
solution in the jdasiua as is needed for am-sthesia (i. c‘., ''i per emit.') is negli¬ 
gible, but the lipoid sidvent and hiking effi'ct of ether in a far l.irger percmitagc 
(i. c., C) to 10 per cent.) necessary in tin* infusion is a menace. Hematuria, 
excretion of liimids, and postojierative anemia are seen. 'I'his effect, together 
with the accidents id’ air ('inbolism, thrombosis, pulmouary embolism, and 
edema of the lungs, which an* depemlmd on the infusion proccilure, will no 
doidit relegate this method to the realm of physiidogical (•xperimentation and 
not that (d'a useful surgical mi'thod. .\ppro.\imatel\ eipial smoothness of anes 
thesia is attainable by proper pulmonary and'rectal dosage*. The danger of 
overdo.sage does not e.xceed that of other methods, if reasonable* care and de- 
lib(’ration be e.\erci.s(*d during tin* infusion and tin* pb_\siologIcal effect be 
closely watched by a comp(*tent anestln*tist. 

Technic of Administration, .\pparatus such as is commonly useil for 
saline infusion suHic(*s. 'I'he solution is prej)ared by di-s^dving 7.") c. e. pure, 
el(*an ether in c. i*. of cool normal saline, or Kinger's, sohitinii. If tbe 
solution must be jtrepared In advanci* it should In* k(*[>t cold and tightly corked 
to prevent lo.ss of ether. For u.-e the solution may be poured into a graduated 
gla.ss irrigation jar eover(*d by a flat glass dish to inhibit tin* diffusion of ether 
into the air. Tbe jar is elevated about d feet. The delivery tubing should be 
guarded by a small .serew pinch clamp and should have in continuity Indow 
the irrigator a gla.ss drip tube, so that each drop of solution may lie .seen as it 
feeds as for rectal drip. Near tin* patient the tiilie may be coded through a 
water hath or plac(*d beneath a hot-water bag to take the chill off the .solution. 
Very hot water is objiH*tionable. as it distills out the ether. 

With the'patient under light alkaloidal narcosis (sec page any con¬ 

venient vein, preferably a large vein in the forearm, is exposed by ilissection 
under infiltration ane.sthesia. A enninda is ins<*rted and tied in place as for 
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Miliiit' Witli all air (‘Jih-UhI I'xn itt that n‘i«itlual at flu' siulif UlO 

tiiU‘ ia to llu‘ caiiiiiila aiul tiu* illfu^iioIl ailowt^l to niii into tlio vein, 

about .'tO <■. jht iiiiuuf<\ Wlion liiibt aiu“'.tlu>ia H iiuiuoi'i! tin* aiiiouiit «!»'- 
livcnnl in rut to aI>oiit .iini llu ii to 1<> r. r. |'rr niiiiiitr. i. <>., J or (lro|H jwr 
stfoiid. (irailually a lrM‘1 i.~ found on wliirli an r\«'n tradr ol anr»tlir!<ia «‘on 
tinuo.s bv a .»lo\v. r\rn drop. Tbr drplb of anr'tbr'i:i may br r<nitnd!«*cl by tbo 
ralf* of tbr droji. I f ano'llir-ia <irrprns \indul\ adiuini>tralion is rbrrkt'd fora 
fr\r iiiinnir' and (lie rannul.t atid \riu Kept frro nii-aiiNk bilr by a vrr\' low stn'atn 
of normal .-alinr from a ms-oi,,! jar. .\nr'tlir»ia may al'io ln' liobtrnrd by in- 
rrra'ino llir litlal vidiiuu'of loaMtliiiii.' lo nn'aii' ol a briMtbitio lulw, or it. may 
Is* tirr|H'nrti lo iiiuiiiiiio >hr t tor wiib lo\\ i-ii iil’. A ilmin i^l rat ion is rluv-ki'd 
alsuit Iti minuir- l«rforo tbr Irrmin.ilion ol ibo o|K-ralion. ami tbr wound 
.>-uturrd a> tbr -uruiral o|>rralion (rrmimilr,-. 

IJiciM .\ toi I \ !■. 11; \ 1 01\ III-- |'!nin{ 

Introduction. liila r i- admini toio.i lo tbr oo!. n ho- tbr jmrjtosr of rlitn- 
iiialino lli<‘ nudi'-ir.dilr rllrrl' ot ilir dni;; on iI)o ri’-pnalorv Irarl, siirli iis 
rouvb. di'lurbaiirr of rr>pi rat ton. and rrllr\ r\i itomriit. I’urr liijiiid I’llirr 
raiinot itr ii»rd lor iiiiciiioti into tin- inir-iuir. '-iiirr at bod\ tcmprralnrr it. 
Isiil* and may di'trnd .;iid nipluir ilii> \ .\nr ran rilirr wipor mi.vril with 

air Ik* tirinrrrd into tlir intr-linr in ''U!;.i iriil 'lrrnL.'lli to .■•alutalr ibr bloo(| to 
anO'^tbrtir Irn-itin. ■.itn'o tlir ab-otplivr ■•urt.'irr js lii rr mi lllllrb MUillirr llniti 
tbat of tbr Imio. Ibr nrair-t appro.mb to vii<-rr»^ wa- ibat of Snilon. wbo, liv 
•■ub.**l illit 1 tiL' lor tlir III' rl nIt fo'.'iMi of tbr air. o \\ or n pa'.'i'ii Ibroiledi artn liijuid 
rtbrr. im-rra'i'.l tbr ab-orpt loin, Ibr i.iiiou^ pir\ioii' all<'m|tl" ba\f rl''•rtltlv 
oivrii \va> I'l bat :.'i\r' jiroiiii-r l<i !'<• a '■iiri r-'l ii I mrtborl |br oil rtbiT mrlbod 
of (iwatbmry. 

Oil-Ether Anesthesia. \\ In n > t bi r i' m i.\r<l w 11 b oli \ r m 1 m a pr rri nl ayo of 
tbr lioiliim point i- ab'or* lb" I'od* Irinpriatnrr ami tbr daii^rr of rtipliiritnf 
tbr infr!.tinr !■« rimun.itril. 'Ibr \ajior Ini'ion naiiain- bit,di (aI;nou| boi]in|') 
and tbr rlb(*r rapidiv ditfii-r- lliioiiaboiil tbr ronirnt ami liiroui;b ibr walls of 
tbr intr'-Iitir info tin- Idood 'In-.uii. 1 ir.i'InalK :n tlir roiirnr of lift |t( tJO min- 
tttrs tlir bl • Hi'l ami iirrioU" -s-lrm of tbr bo'i% nia\ br brou'dit to proper titirs- 
ibrtir trimion. .\ rrrfaiti amount <d nla r \<datili/r- into llm ra.'s-s of tin; in 
lr.“‘tinr. ini*rra'itiLr llu-ir bulb and modrrafriv dirlrmiinL'' tin* intr-linr. (Jradit- 
ally tbo tt'iision of tbr mi.vtiirr fir-t introdur<*d falls, as tbr oil losr.s its tttbrr, 
until tbr rate of ab-orptioti into tin- bbsid from tin* ^'iil jio loofrrr babitiros fix- 
rrrtion from tin* bum''-. \> brrrtij'oii tbi- patl<-nl rmrr^'rs from anrstbrsin. 

Tbr drptli of am -tbr-ia mti'l br raui:rc] ami tin; ujiftrr rrsjtirHtory tract 
kept open by a romjK-trnt anr.“t)K’tist. 

TKC’IINir. '1 hr roloii if. tif"! tboroiiobly r](*ansrd bv rjitliarsis and OTunrinta. 
Our hour Iieforr ojK-ntlion 1,., to trrain of morpliin witli atrofiin, (;niin 
1 /100, is pivrn byiKslrrmirally. Kifti'rn minntrs latr-r 10 (Trains of clilore- 
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t(»no in 1/^ ounce each of other and oil is administered hy rectum. Fifteen 
minutes later tliroufjh u .snuill n'etal tube, with tlu* patient in the Sims’ posi¬ 
tion, the followiuf' dose is administered: a s<dution f)f (“flier 7.) per cent, hv vol¬ 
ume in olive oil, the amount Ix'in*' 1 ounce of the mixture to each 20 pounds of 
body weight, in total not to exixMid S ounces. 

Almost imm(,“diately ether may he detected on the breath; in about 10 min¬ 
utes the patient h(!comcs drowsy and somewhat im’ohcrcnt. In about 20 minutes 
unconsciousness supcirvi'iies, soon passiiif^ into tlu; sta^e of liyht aiH'stln.'sia. If 
the patient hccoines excited and hri'atlu's (hieply fdiniination of ether is so rapid 
that anesthesia may not app(>ar. l»y this slow induction the spisdfic relaxant 
action of ether oii the voluntary muscle and other di'sirahle anesthetit? cffc^cts 
are satisfaetorily obtained. 


Jo lightmi the aiK'sthesia the tidal volunu* of respiration is increased and 
elimination ot etln^r is hast(*n(“d by ins(*rtin^ a ('oniK’ll hreathiiii^-tnhe ^see 
I* i^. 2H). lo d(‘(‘pen aiK'stlu'sia dilliision ot ether is checked h\' inuilliui; the 
face in loose Ia\'ers ot t(»w(*lin_i“. Nlnndd auestlu'sia arow too d(“(“p the oil mix¬ 
ture may he in part withdrawn by a rectal tube, and the ditfusion of the re¬ 
mainder (dieeki'd by cold saline irrigation. 


Anestlu'sia usually lasts about (><) ininut(>s, after which, if reipiired, 2 ounces 
of fresh mixture should h<> ^iven, or this nx'thod sn|)|demented hv inhalation. 
Ten minutes before' the termination of tlu; operation the residual mixtnn' should 
ho withdrawn by iuse'itiou of n'ctal tube, and rejihieed by 1 ounces of olive oil. 

1 ho ohjc'etion.s to tin' uu'thod are the o('<*asiomil dis(‘ointnrt and teiu'snuis 
before anesthesia appears; evaeuation <d' the mixture; the imixi-sihility of anes¬ 
thetizing’ deeply hreathiiiir patients; oeeasionally an uneonirollahhi depth of 
aiKxsthesia; distention of the iut<'stine; iras jiains; and, rarely, jiaresis of the 
anal sphincter followiiii; opiiratiou. 


]\rist'i;r,r..\Ni;oi's MKruons ok Ivniiat .Xumims ni vrinx 

Etlu'r has Ix'eii injected into the iiiii.srlc of the buttocks and thiah and suhcii- 
ftj, .\lso it IS rapidly ahsorhi'd from .sc/vm.s surjdt'c siudi as the peri¬ 
toneum, as proved by dei'pened ane.-'thesia where etlu'r is used to cleanse a 
tuhereiilous peritoiu'uiu. Xmie of these methods ju-oniise to lu' widelv used. 

Aoknts ThsF.n A.s Aiui xct-s to J’.tiikij in Axkstiiksi.x 

Th6 Alk&loidal Narcotics. —^lorphiu and scopolaiuin used as pix'liininarics 
to ether permit the initiation of the ascmidim; stajjes of ether anesthesia with 
markedly dimiiiislu'd I'xeiteineut. The patient may he carried tliroufrh an 
oj>rration under liirhter anesthesia than is possible without supplemental nar¬ 
cosis, and may lie more readily earried repeatedly from the lidit siihconscious 
into deeper zones of ether anesthesia without eouixh or respiratorv ditlicultv. 
However, for the aliolition of muscular rigidity and for the protection of nerve 
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«*nter« from tin* lianuful ^^inllllll!^ »if jx'vpn* t)])<*r«tivi* truiiiim tin* name h^iifiion 
of etlier is n't|uin*d a< witlmut tlu* aiijiiiu't of .'•lu-h iiamttit’s. 

Those iiart^'otii'S MiKx.th tin- «»f irnvnhir, inoxjaTt a<hiiiiiis(riilioii of 

othor, hut hv conihiiuitiiin willi uor\o inon* stal>l«‘ than that of otiior aiul 

hy j>roloiii;o<i ilijiro'sion of tin- n"'|tirator\ «-oiiti‘i\ thov <loMU>iti/»* tlu' r«*a 
jliralorv «•^•uto^ in tho Iul’Iut /oiu's of otluT aiio-tlio-ia. Tliost' ilruys aro jiar- 
tiotilarly hail)\ Ix.riu- in tlio j>aitial ;o.|>h\\ia uhioh usually aooompaiiios tin* in- 
export ailiiiiiii-tralioii nf otlu'r. Tiio imoo « l!ioi( iit!\ othor is .uliiiinistorod thu 
loss advanta:;o oaii Is- iloriM-d from tho>o ii.in ol ios. 'I'hoy an' raroly t'liiployisl 
hy tho skilled aiio'lhoii^i. 

Atropiii. while Hot a iiar<-i>lio. is <if distiiu-t ad\aiitaL’i' in inhihitlll^ thu 
iimooiis sooiotiou when iluTi-.i'i-d l■wtho stimulus i>t i-oueoutrated I'thor va|H)r. 
llow'oxer. with the (Xpert aiul (-■•ntiinious admiiiisl lat loii of ether, sf imtihil iu>^ 
eoiieeiit rat ion net >1 l‘e 111.11 nt a I net! oidv lor a -liort pernul in ihi' proliuiiiuirv 
sta”!' of ether a next lie-i a. I he "reatesi iitiiilx ol atlopin. therefore, is to nullify 
till' vieioll.x etfeet nf lllie\enl\ ai 1 1 nitiixtel'ed ether. 

I>iiS.\i:K I he ii'tial il<i'aL;e ol prelinniiaiK naieotieis • j jitraiii of morphilt 
with 1 Itut of.iin ol atropin. adinini'teied li\podermiealiv I hoflr heforo auoH- 
tho-ia. 

riii; I si: (ik n\k< oti<' ai.k.m.hii's nu.i.iiw i m; ankstiiiisi.v. Thom 

oatl !«' t|o tple«l ion of the v .i 1 lle .md ol \ I'.lhl lit \ of ;i II. a loidal ll.ireosix ti) Mipplo 
moiif ami continue etlier .inalitexia. i. e.. Ih .it paiiial aiial!.'osia wliieh lasts into 
the ihii'tl hour ot reeo\erv from tin elln i /one ot eonliihion. I’or this purpose 
inorjiliiii is fheeu'fomaiv aiiaL'e-ie. a.lin in ixtereii h\po(|erniieall\' in ! ’’(! to I 
nraili do'i'. as ether aii.ilni'i.i NMai- otT ainl tin patient his-onies eo(^ui/anl of 
pain. 

Nitrous Oxid. Nitroiix oxnl ax a preliminar\ anexthelie to other is the most, 
r.'ipid, ploa'aiit. aii-l etfis-tne means ot iiniuemL’ ether nareosi.s. It is the safest, 
mefho'l harriiiL'"in- rixk. nainel\, ih.il ■•f'a«ph' \ la. .\xph\xia freipieiilly arisS'S 
ill tho iiio.xperf inaiiaLteinenl of the traii'iiion Iroin one ainxthelii • to the 11 fher. 

TKi IIMi- Tlie / hiii'ill iiilnilir ix a popul.it IH pe of ajipariitiis lor thirt 
.“oipioin-o. It is a inoiiiIiealion if the < loxer I\ jio of inhaler, in this appartitus 
flu* tas hait ix lilleii with in I roll'ox i'l. lhe;.'au/e in tin- elln-r ehamlM-r i.s eharjjX'd 
with als'uf 1 oiiiieo of li<piid ether. N\ iili tin- ether ami the nitrous o.xiil elowd 
otf. tlu* imi'k ix adjuxted to the f.-n-e. ,\fter a few hroallis <if air with the <*x- 
Jiiratorv valve open the air 'UppI' i- cut otf and nilrou.s o,xi(l sui(stituleii. Aftttr 
•'f hroath.s of this ya' the exjiiralorx vjil\e ix elosecl ami I'l and fni hroat.hiiif' 
info the hat; is iiisfitnte<l. .\t the tir'l (piiekeniti;: •>{ re“j)iralorv rhythm tho 
other oIinnilsT is very f;raduall_N oi«-ned, so lluit the ^ras ls*eoines eharpal with 
other. 

Tlii.s i.s tlu' sfai;o which marks the skille<l uno'tlietihf from the hunf;lor. 
.\ftor a fc'w (d’ the rapi<l hn'afhs which imlicale the onset of nitrous oxid auos 
theaia a small whiff of air mu‘t Is- allowed, or the jiatiout will Is-eomo i-vauosod 
and respiratory rhythm will Is- iipM-f. Thin small jirojturliou of air is added by 
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niomchtarily oj)enin^' the air valve during inspiration. Leaking apparatus or 
defective face adjustment of the mask may allow t<M) great dilution of the gas 
and npsot the snuKjthness cjf the transition. 'J'hc stage of asphyxia should be 
'held in alKjyanec and nitrous oxid hreatliing eontimied until the pereentage of 
ether vapor mounts to sucli height that the arterial hlood goes to the nervous 
system constantly ehargfsl to [)roj)(*r an«'sth<?tie tension. 

Thus !)0 secomls sulliees to put a patituil to the [)eak of the iudiu'tion cur\'e 
without eouseiousness of the odor or irritation of etlu'r vajM)r and without ex¬ 
citement or halt in hreatliing. 

The ether ehamher must he recharged after a minut(', else tlu' vapor pres¬ 
sure will fall. When the ether vapor is on to the full cajiacity of tin* apparatus 
the gas hag is removed ami the air n'hreathing hag is suhstituted. The dosage 
of ether must he maintained until the onset of surgical relaxation, otherwise the 
arterial hlood and nervous system drop into tlu“ zone (d' »-onfusion. If the per- 
eoiitage of ether he diminisheil excitement and irregular hreatliing ami poorly 
achieved induction of anesfhesin result. 

A method hy which nitrous oxid am'sthesia is merged into i‘th('r narcosis 
with less risk'of asphyxia 1 .sympt«ims even in iiiexperiencecl hands is that of 
(iivallnncif. 'I'lie essential feature is that ether is added to the nitrous oxid by 
tho vapor method. For this method the mask is ailjiisted and nitrous oxid 
anesthesia instituted. I’y a haml hulh or foot pump air is forced through an 
ether bottle and, hecoming laden with strong vapor, is delivered hy tuhiiig into 
tho gas hag. I'ither is thus add<“<l more gradually and is under Ix'tti'r control 
than with the Hemiett apparatus, and at the same lime air is introduced in any 
desireil (piautity, thus avoiding asphyxia. .Not less than d liters of 
fresh air per miiiuti' should he supplied, ami after tin* first few minutes !> to 
8 liters. 

Nitrous Oxid-Oxygen.—/icsf Mrllnx/. — .Nitrous oxid-o.xygen anesthesia is 
fully estahlished, then gradually full ••ther aiu'slhesia is siilislituted. 'I'lius the 
advantages of both anesthetics are securcil and the disadvantages of each are 
eliminated. If the suhstitutiou he gradual, <‘ver l.'> minutes, tin* va|>or jin'.ssure 
of ether need not e.xceed '.•() mm.; a toxic zone of efher is at no time entered; the 
o.xygeu percentage may he kept high, i. e., to It! per cent., ami there is uo 
stimnlatiou of mucous .seen'tiou hy high levels of etlu*r vajior. When anes¬ 
thesia rca<‘hes that stage where -0 per emit, of ox\geu causes no return of 
sensibility then air may he substituted for the nitrons oxid-o.xygen ga.ses, and 
other anesthesia coutiuued hy any method, preferably vapor delivery hy phuryn- 
gonl insufiiatiou. 

Chloroform. Since anesthesia can Im* secured more rapidly, cjuietly. and 
with le.ss discomfort by chloroform than hy ether, chloroform is (veasionally 
chosen to institute primary anesthesia, and this is grailually merged into full 
otlier anesthesia. 

Such dangers as attend this method arc those incident to the early stage of 
pure chloroform anesthesia, but these may be in some measuix' obviated by an 
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early siibstittit"n*ii of ilic ^tiIllu)Il(ivl‘ aolion of i-ilier for tin* ilojinwinj; cfToote 
of t'liloroforin nii ilio lu art hiu.m-Io, 

'Ihis iiiftluHl i'< >iin|ihT l>iil i> iiiucli K'". I<*m» ra|>i<l!y ofT*H*livo. mul 

not so safe as tin- iiitnni- i.\ui filn-r stspuMioo. (llowovor. llu' slatislios of 
(nvatliiiuy sliow a l<i\\cr iiinria!il\ than lor lulrtuis oxiil ollior,) 

TKt'llNIC. lilt’ athiiini'tralioii of »-Iilt>roforiii is l>o"mi l»y tin* drop niftliiHl 
i»n ail o|H‘ii iiia'k. Afior tin- tii'i f« u- drop- i iIht i>. addi tl; Lrratlually llio pro- 
[Mirtioii of oiluT i' iin’iia'fd and tliai of . lil.irofunn iliiiiiin'liod, nnlil Ity tlni 
cinl of t'l to iiiiinitc' lull ain’^ilu-la lia^ In-on ai'liii'\'i •! with I'XjV'ndif nro. in 
total ol not nioro than i? drain' o( •■|il<<rol<>nn and of 1 to -J onnoos ot <>tlu>r. 

A nii>ri‘ otfoi-lno inoiliod i' 1*\ \a]>oi doli\«iv into a i-losod inli.-ilor. 'I'liiH, 
liowovor. ro<|uiro>< i:ri‘at oaio in <-.•iiiri«llin-_' llio l•hlo^o|o|■nl vapor from over- 
|•onl■^•ntration, i. o.. in o\oo" oi por oi iil. 

Ethyl Chlorid. looarrv tho p.itioni r.ipidiv and ipiiotK ovor tin* period tif 
corlioal di'a-'ooi.iilull ihi' vorv olln tno lipiini '<i|\onl inav In’ oinplovod. Mo- 
loro tin* daiii^oi' nt oihvl <-liloinl \\< i< (nil' approi’ialiil ihi- soi|in‘in-o was i*ar- 
rioii on in a olosod inhalor lo lolno.itlnin.’. I In- oidv rolalivol' salt* iin'tliod in 
tin* averaof hand' i' ... in<-i!i..d. 

TKt'ltMi .\n opi n inhah-r ol' ih<- I’.'inan-h t\|>o is soaloil on tin* fai'o 
ainl well onvolopi-d at tin- [n-i ipln-i ' in towolin;.* (>n tin- i:an/o 1 or ’J P, c. of 
nth' I t’hlofiii i' 'pfa V Cl! o\ or tIn- ti I't !r \ o i n-pi i ai lon^. ,\ low d rop' of «-tln*r lire 
now aii'lcil. (iradiiallv il.o <tlior i' iin-ioa-o'l with an oi-i-ii-iona! nioiin*nlary 
sprav of oth'I oliloiid \lti-i tniiinli ■ tho i-th'l ohlond is di'ooiil iniiod iiini 
nthi’f ain-'th' 'la |i1'ol-I'i "i - into iho hi-.-ln r /mho' a' lo tin- drop inolluMl. A total 
of 1 o. o. of ollivl i'IiIoikI ii'iial!' -iit’a-O'. 

CHLOROFORM 

Introduction. t'hlorot.iiin m plo'it-al piopiiln-' i' a most olT(*<*tivi! ai^tnif, 
for imlin-ino ooiiipl<-io, ountrolhilih- ”< ni-ial aiio-tlio-ni. It volatili/i-s wol!, tlif- 
fii.'os rapitilv from pnhn'inar' air I** Moi.d. an-l Itoin hlond to in-rvi* ti,s“tn*, and 
is .'o at-tivo a ~ol\i-nl in tin- ni-nron tliat a ho-. \ apoi < onloni in tin- pulmonary air 
i-staltlislios and maiiilaiii' a pro|n-r'into o| ano'iln-'ia. Wore it not for cortiiin 
liniitation.s in c-homioal 'lahilii' ami toxn- a<-tiiin. ohlorolurm would Is- tin* an- 
I'sflu'tio of iinivoi'al oli.rii-o. rini'. in t-homn-al s|rm-tiiro, ohioroforni in 
iinstahlc. Is'iii^ dt-oompo-t-d lo li'.:ht. !it-ai. ami a-jo into highly toxio pr<nlin*f,s; in 
|)liysio]oi;ii-al aotimi it i' an oailv ami oumnlativo paraly/aiit of heart niiiwlo 
iinl a priinarv flej»re"ant td IiIoim] pri-"iire: ami In remote t<txie elTc^’t on the 
),'ir(*nelivina of im|)orfaiit oroaii-. -mh a- fin- li\i-r and lsi<lney, it results, after 
imlonotHl nr re]M‘atei| dosaL'f. in lal<’ ‘le-trin-tive dejrenerafion of the f*(*lls of 
liese orfjan.s. 1 In-ri-fon-. desjiiie tin* ideal physical (|nalitif-H in vaj)ori/iiti«m, 
lifftision, and solvent a<tion. Iss-auw of inherent vicious jirojierfies eliloro- 
onn lias liorn lartrr'ly supplanted f'lr tnll '.’em-ral anesthi*“ia hy eflier, ainl for 
ransitory and for .shallow frr-neral ancstlie-ia hy nitrons oxid. 
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According to the best substantiated theory, chloroform acts by a solvent action on 
the lipoid content of the neurons, similar to the action of ether. In this solvent 
action it is much more powerful than ether, having a partition coefficient between 
oil and water of about 33, ns against ether, 4.5. Chloroform is, therefore, 7 1/3 times 
more powerful than ether. For full aiiestlu^sia in man it must be present in the 
plasma of tho arterial blood to the extent of 1/40 to 1/60 per cent. The lipoids o^ 
the red cells hold a inueh higher i)ereentage at the same vuiwr tension. 

Tho amount of chloroform that must be present in the tidal air, to establish and 
maintain this penientage in the blood, rises during tho induction stage from 2 to 3 
per cent, by volume in the air, or a vniM>r prcs.Hurc of alwut 20 inm. The amount 
necessary after anesthesia is established gradually falls, ns the anesthetic tension of 
the body is established, to nlx)ut 114 per cent., or 11 mm., gradually sealing down 
through prolongwl anesthesia to slightly less than 1 iJcr cent., or about 7 mm. of 
vapor pressure. 


Pi[YHioi.ooicAr, Action ok CIiii.ouokokm 

Chloroform as an Irritant Compared with Ether.—(llilorofonn is hwally a 
marked irritant to epithelium. If rn|ni<l ehlorofonn or tho concentratod vapor 
bo hold in coritiiot with normal akin, hlistorinf; and eontinued inlliimnmtion re¬ 
sult. In this lasting irritant action chloroform diffora markedly from ether. 

In tho maximum vapor eotiecntratloms (i. o., 3 p<>r e(‘nts,l)y volume) needed 
to institute anesthesia ehlorofonn does not stiinvdato tho soerotioii of muons so 
much as do those peroontugos of other which an* necessary to iiidueo anesthesia 
(i. e., 15 to 24 per eont. by volume), (’hloroform in amounts reipiircd for 
anesthesia probably eau.ses no la.sting damage to the epithelium of tho respira¬ 
tory tract. As with other, those! pulmonary sequi'ho occasionally observed arc 
resultant not so much from direct irritation as from various a.spiratlon ncci- 
douts and from tho exposure and depression of general iuiosthcsia and of 
operative trauma. 

Wlien tho pareiiohyiua of other vital organs, prominently the liver and kid¬ 
neys, is considered, chloroform in anesthetic! dosage is found after long-con¬ 
tinued or repeated administration to Im* a drastic cell poison imlneing e.xccsslve 
degonoration. (In tho otlier hand, <*ther at its worst eanscs only a transitory 
parenchymatous degeneration. 

The Effects of Chloroform on Body Function. —RKHriRATioy.— t'hloroform,. 
like other volatile irritants, in the respiratory tract causes depth and frequency 
of respiration continuing into tho stage of full surgical anesthesia. Tho respira¬ 
tory center then becomes gradually dopresseii and the respiratory movement 
grows more shallow. This stimulation and snliseqnont depression are not so 
marked ns with ether. 

CIRCULATION.-— On first inhalation chloroform induces an increase in the 
force and frequency of the heart Iicat and a slight rise of blootl pressure, largely 
because of the volatile irritant action of the drug. Soon the characteristic effeot 
of chloroform is manifested, namely, that of a primary paralyzant of heart 
muscle. The pulse bccomes^full and soft^ the blood pressure falls about 20 mm.. 
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the heart remains slightly atvcleratetl or droiw back to normal rate, ami the boftt 
of the heart is less forcible. The heart in light chlorofonii aiuMlho.Hia is more 
readily iuhibiUHl by vagus stiiniilation than the iionual. 

Ill toxic gradual ovenlnsage tht* j»ulsi* l»e»*oiiies weak and small. The ruUl 
may be iucrt'ased tir tall Indow iioniial. ’I'ln* IiKhhI collects in the splaiichnio 
area, the heart iKHsimes slow and nsddi*. the jactitation marking tissue asphyxia 
may up|a'ar. Then the pnls*' Us-ome-< imiien-cptible, rt'spi rat ions iHstnno shal¬ 
low and ccas(‘. Kitially the aulomaticity of the heart miistde is at on end. 
Heath is primarily one of circnlatury failure. 

In snddt'U ovcrd«)sag(‘ caiwd by breathing tHtiica-ntrated va|s»r the heart may 
bo arrt'hted within a few bn-aths. the Color blanches, the |>atient g^isps and dies 
(sev Acrideiits; Heart Failure). 

SEXSOHll'M.- .Verve activity is sns|H‘nded in tin* varimis levels in the same 
order ns in ether aia-stbe-ia. ('onsiMon'<ness is alsdisbed with less exeitenumt 
and .slightly more rapidly than with (‘tlier. In chloroform dosage the same 
zones of aiu‘sthc>ia (‘.xist as with ether, hut the low /ones, i. e., the siilN’onseioiis 
zones, are more dangerous on aeeoiint of sudden cardiae inhihilioii by vagus 
sliinniatioii, and tiu* high /ones, the dis-p and profoiiinl, an> more dangerous 
than thosi* e<|iially aiu’-thetic in ether do>.ai*<- on account of low hl«M»d pressure, 
eirenlatorv iusutlicicncy. and cardiac failure, The mediuiii /one yields a rpiiot 
relaxed aiiestlu'tie slate with protection from harmful traumatic stimuli of 
o|>erative pnM-edure, hut without tin' Mislaiiiiiig .stimiilalion of ether and 
nitrous oxid. 

Excretion of Chloroform. ('hloroforin is e.\creted largely hy dilTusion into 
the air of the pultuonarv alveoli. .\ small amount is hroken it]) in the Isxly. 

CoiKSK (»i- ('iii.oaoi cuiM AM.sTnr.si.\ 

Pint Stage or Stage of Conscioui Excitement: Period of Cortical Diiuaaoia- 
tion. —d'he mild sweefi.-h taste and agres-ahh' odor of dilute ehloroforiti vajKir 
eaiist* no unpleasant M-nsatioii a*' do tin* taste and odor of ••ther. The hreathiiig 
grows mor(! full, the skin is fluslieil and moist, ;,iid arlii'ulation iHs-otues slightly 
incoherent. Fsiially with vr-rv little oxci|«>Tucii! the jHifieiil Iss’omes une/m- 
scioiis within •! to minutes from the first iiihatation. .\thletic siihjivts and 
tho.so accustomed to the various nareoties may, however, show iiiarke<l oxcito- 
niont. 

Second Stage or Stage of Involantary Excitement: Period of Stibconsciotii Dia* 

association. —The .skin may Ix'eome b-ss or more llnshed, it remains moist. 
There is slight aeeelerafion of juil.-s* and of hreathiiig. 'I’he jmpil is apt to bo 
dilated and it‘acts aetively to light. Spasm of the mnsides of the juw or glottis 
and fixation of the chest and alslomen may Ik> noted in resistant subjeets. This 
irregularity of breathing must 1 h> met hy fnx! allowance of air, as the patient 
tinder chloroform bears asphyxia badly and alsmt half the fatalities occur at 
this stage. It is iinjicrative for safe chloroform induction that the anesthetist 
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should know the theory and practice of relieving obstruction in the upper air¬ 
way. 

A period of false* aiiosthosia is occasionally noted, i. e., the patient becomes 
quiet, the inusedos relax, the color becomes [)alc, and the pulse small. Vomiting 
usually follows, after which the color returns and induction of anesthesia may 
proceed. 

Soon the breathing grows roughened or slightly stertonms, the muscles 
relax, and the patient pa.sses into the third stage of anesthesia. 

Third Stage or Stage of Surgical Anesthesia: Period of Spinal and Basal Bis- 
asiooiation.—'I’liis diifers in no wise from the stage of full surgical anesthesia 
with other, except that the skin is less flushe*! and less moist, the breathing is 
more (piiet, and respiratory obstruction in the upper airway less in evidence. 
The pupil uniformly remains moderately contracted, the pulse is slower, and 
blood pressure 20 to -10 nun. lower than with (>fher. 

Fourth Stage or Stage of Overdosage: Period of Medullary Bisassociation. 
—The pupil dilates and becomes insensitive to light, the tension of the eyeball 
diminishes, tho color of the skin and mucous membranes grows pallid, with slight 
cyanosis, blood pressure drops and tho pulse becomes imporcci)tible. Finally 
the circulation becomes insufficient to maintain life, breathing ceases and 
in a few minutes tho automatic action of the heart is at an end. This stage 
may rapidly follow slight ovonhwago, namely, a half minute of concen¬ 
trated vapor. 

Fifth Stage or Stage of Recovery: Period of Inverse Reassociation.—The 

various levels arc passed through in the same order, though more rapidly than 
after other administration. After full chloroform anesthesia the light zone is 
entered in about :5 minutes, the subconscious zone in about (! minutes, tho light 
subconscious zone in about l.'i miimtes, ami tin; zone of confiisiou in 20 to 30 
minutes. Somnolence and analgesia are less markcal than with ether. 


Tkcunic of Aomini.stuation ok ('iu.okokorm 

Chloroform should he administered only by the open drop and by the 
vapor methods, (dosed rehreathiug methotls in chloroform are dangerous and 
have been largely abamloned, sin<‘e to.xic concentration hy the closed methods 
quickly occiirs, and the asphyxia from rebreathing is ill borne by the circulatory 
mechanism. 

Open Drop Method.—The simplest inhaler is in the form of a wire mask of 
the Esmarch typo covore<i by several la^■ers of gaiize. 

Tho eyes are pnttected by a pad of gauze, the face and lips are greased with 
petrolatum, the mask is adjusted loosely. Administration is begun by the 
drop, at first a drop every few seconds, imuvasiiig as soon as the patient 
becomes useil to the pleasant sweetish odor, first to 1 and finally to 2 or 3 drops 
per second. Tho rate dcjx'uds on the volume of tidal air of tho individual 
respirations, and on tho loss by diffusion, which is detennined by whether the 
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mask 18 Ifxwciv <ir tifrlitl.v McaUnl, mul wliHhrr il in fm* t)r oiivolopol in n layer 
of guiizc or t<»\vclinjr. 

Tilt* dclivfrv iiniat K' t*\oii in ratt« mni hv tin* ilnip. ('liloroform slioiiKl 
never Ik* dtuivlntl onto lln‘ iim.-k. // i.\ imfu nilire iluil Ihc t{o,>tnijr hr not in- 
crraf>e(l in /tcrio<f.\ nf r.irlh iin ut. With I'lln'r ihi* iineatiietic may la? safely 
crowtleil at siieh iMTiiKU. hot witli i-lilorofonn the margin of safety is sinall. A 
toxic jx'rct'iitaof sn(l<leni\ oviTcominir tin- i-in-ulalory na'cltanisin may n*8tilt in 
itsaliriipt e(>>satioM. With tlieon-ei of slight inspiratory roii^lnaiin^ the iloaa^ 
is eradiially (lintini>lu*<l. until a l«\cl is r«'in he<l i>n xrhic-h lhi« stale of aneatlioaia 
reiiiiiins iiin-lianLMai. With the average respiratory rapaeity and hy the Ksninreh 
mask this level is usnaliv alMnil 1 ilmp of chloroform every tl to I stsauids. With 
children or others of small tidal capacity ilic dosajic is projsirtionalc. The de¬ 
livery should not 1 k“ entirely suspen<led until r<s-o\er^ is desinal, as the patient 
Hinilly reaches a tension of anesthetic e.piiiihrium. as with ether, on which oven 
anesthesia pnx-iH'ds for many hours. 

Vapor Methods. In this method ihi- dilorofurm is va|s)ri/(*d at a distance 
fr<an tin* }iulieiit hy a ciiricnl ol air and is coineved to clos(>il or ojkmi face innak. 
After niK'.sthcsia lias Is-en estalilished. llie \apor ma\ Is' insntilali'il dirtH-fly into 
the jiharyii.K or fraeliea of the patient. This delixery has the axivaiilajre over the* 
dreip methoel of Is inu nt<trc eontrolluhic. partii iilarly if the de'livcry lx* con¬ 
tinuous and the cliloroforin vapor Is* ililuted with a hulk of air sufficient for 
the tidal volume. 

The methods (d' vapor delivi’ry are two. the mh rnijih'il and the rnnlinuouM. 

INTKttttl'ITKIi MKTtKili Ol’ V.M'Olt l»Kt,l\ KitV. In the iu1erru))1ed metluxl 
of va|xir ileliverv a small <piaiuil\ of air is hlowti oxer nr tlirouf>h liipiiil ehloro- 
form. ^rin* air is impelled liy a hand hiilh or small fo«il pump. Tlie iinprcf^ 
natod air is then delivered to ami a>-<-nnnihites in an o|x-n mask over tin; pa¬ 
tient's faee. 'I’lie small voliiim* of eoneenlialed vapor is here dilut(>d hy the 
tidal Vidnnies of respiration. The an«'sth«’list governs the (pnintity and con¬ 
centration dcliveri’d hy iho n-aetion ol the patient to the <losa>f**. AfU’r unC8- 
thesia i.s estahlishe*!. the dclixerx may Is- niadi*, for head eases, into the no8C, 
or into the jdiaryn.x hy nasal or hy nioiitli lnls> and the vapor here iliiiited and 
nii.\ed with flic tidal air. Kx<-epl for the eonvenieia-e of rid<lin^ the ojxjrativo 
field of the ciimlxTsome fare ma.sk in hea<l cases, this delivery has no advantage 
over the drop met hod. 

The usual va|s»rizer i.s juitti-nnsl after that of .Junker, i. c., for the air 
supply a double atomizer hiilh; for the vaixirizer a graduated Isittlo with two- 
way stopper throufrh which the air pas*.<-s either over or through ehlortrfonn, 
and, third, the delivery tiihing. The vapirizing enparity of each apparatus 
must he learned hy exjx’rirnce. 

Eor induction in the first, niinutcH usually 1 drama of chloroform is 
vaporized, in the »e«*oiid ■> minufi*s dram, through the second 10 minutes 
' about 1 dram and through the next Vi hour alsait 1 dram. This amount i^ 
tnodified to fit varioua exigencies of changing tidal volumea. 
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CONTINUOUS SfETllOD OF VAPOR DELIVERY. —The cohtimious method em¬ 
ploys a constant streiiiii of air or other sneli as oxygen, flowing over chloro¬ 
form. Any portion of the air stream may he shimtcd around the chloroform, 
securing thereby any desired modification in the percentage of vapor borne by 
the air. 

The method heemucs more oflicient the larger the volume of air delivered 
and the greater the dilution of the chloroform vapor. .\t the })oiiit where all air 
ncc<lcd for tidal volume is charged with the minimal amount of chloroform 
necxled to iiidiuH! and maintain full ane.stiu'sia this delivery hccomcs the most 
oven and cfiicimit method of chloroform dcliv<*ry. 

Ai*i‘Ai£A'ri'.s.- As a .source of air supply, a foot bellows, or preferably a 
mechanically driven small air <-o!iipn!ssor, is the most ellieiiait portable ap¬ 
paratus. As a vaporix(‘r, the (iwathiney bottle is usefid since with this any 
portion of the jiir may be blown acro.ss or be shunted around the chloroform. 
Compressed f)xygen may be used as the vehicle. 'I'Ik! .snmothness of anesthe.sia 
sotiins to dep(aid upon an (!ven flow of oxygen to deliver an oven percentage of 
chloroform, rather than upon any <dT(‘ct of the gas itself. 

^J'kciin le.---For indiuttion, any type of idosed fact* mask may be I’onnectcd 
to the delivery apparatus. Tlu* brcaithing bag is tilled with ililutc* vapor, i. e., 
less than 1 per cent. How of fr<‘sh vapor ami air at tlu* rate of 5 liters per 
minute is (^stablisluxl and the p(*reeutag<! soon raiscxl to Ix'tweeii 2 and 15 per 
cent. The volume of deliv<>ry is incnaised to at h“ast S lif(>rs or a volume sutii- 
ciont to fill a 2-gallou hag within (>() seeomls. 'I'his <piantity of fresh air should 
flow continuously, otherwise an (Hemeiit of asphyxia (Miters into the ehloroforin 
anesthesia. Exact stnuigths of chloroform vapor may be automatically jirch 
pared aud measured by the anesthetometer. With the onset of aiu'stlu'sia the 
vapor strength is le.ssened until a line of (Mpiilibrium is nxiched. With chloro¬ 
form this is not so well established as with ether, but is somewhere between 
6 and 11 mm. of va})or pressure. 

After induction, if desired, the delivery may be ehangi*d, as with ether, to 
the pharyngeal or intratracheal type, delivering a volume of IS liters per 
minute of the .same strength of vapor as by face ma.sk methods. 


NITROUS OXID 

The anesthetic value of nitrous (»xid gas was discovered by Wells in 1843. 
Siiuto that time it has l) 0 comc the aimsthetic of choice for short operations, when 
safe, light, transitory anesthesia is desired. In the last 2 dixMidcs the use of 
nitrous oxid has been extended to anesthcsin for prolonged operations, by 
adding to the respired gas a projwr percentage of pure oxygen. 

Nitrous oxid (N^O) is a stabh', non-irritating, lum-toxic gas, of sweetie 
taste and odor. It is formed in the decomposition of ammonium nitrate by 
boat Small plants for the manufacture of the gas are on the market. The gas 
so obtained is somewhat cheaper and less liable to contain toxic by-products 
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than the #:as of wminont*. Tlu' contniort'iiil prorlucf is oh(juuuhU> ns a 
Ktoml in jJortjihU* st«*fl ov liiiil»‘r> iiniltT vaju>r fonsinii of almiit “liO jtouiuls. 

I’llYsiui.tH.u'M, ArnoN OK 0\in 

Introduction. Nitrous o.siii is su|)|Hist‘<l tit aol as ;iii inii*st)u>ti(' <’hi«''t1y hy 
•Ii'i-roii-xiiij; the o.w‘••‘nation of the ner\«‘ lii-tn*. It ai*eom|>li>hes tliis Itoth hy 
•lislthieiinr ri.w "I II from llie ri's|iiratory traet ami pof-ilily liy |oom< (Hunhination 
with the hemo"loliiu of tlie IiI.hhI. Aihlitioii.illt iliere is a ilireet aiii'sfhefii! 
inti‘rf»-n‘in'e o( unkuo\ui naturi* with thi‘ fum-tional ai*ti\ifv of (lu» in'tiron. , 

'I hi* ohjii-live in flie a<!niini>ti.itioii of nitrous o\iil is that the hii;hest ten¬ 
sion of the "as po^•.il)le lie maintaineil in the . ()f ni“<‘e.i»ily, at the same 

time so mui'ii o\\"en mu'l he alli>uei| to reaeli the hlooi) ami neuron as will 
keep tile (lame of suls-oii'i-ious e.\i-lenee aliahl, aiiii siieh a fre>.h liilal volume 
must Id* su|t|iliei| as will ailei|U.ifel\ wash from the respirnlory traet jiaseous 
exereineiil siieli as i-arhon (lio\iil. 

Physiological and Toxicological Action of Nitrous Oxid Undiluted. On in- 

hallii" the pure t'a*. one expenem-es williin full hreaths a t^eneral seiisr* of c’X- 
p.iiisioii ami a <hsire to inflate the limps. I hen eome a |)eeuliar, jileasurahle 
“’thrill” ami a rin"in” in the e.ii'. Within I to li hie.illis, eon-eioiisness is lost. 
.\ traU'ifory peri<i<l of sul'eouseious exeiiemeut i' now passeil ihrouph, whieli 
•pives way. within from l<i to | “. inspirations, or usualls «it!iin I minute, fo 
rapiii, full hreathiii". followeil in the .seeomi minute h\ deepening c■van^»«i«, 
partial rela.xation. ami I'omplete peneral anes|hesi;i. 

h'lill anesthesia is u»u,illy estalili'heil li\ the thirtietli hreath or within 2 
luinules, iilthonph no rule as to time ean he l.iid down, sinee nianv variahlo 
faetors enter, smh a* the depth ami freipiemo of re'piralioii and tin* reserve 
o.x'yoen eapaeifs' of the hl<«i<l. I he most reliahle imiieation of anesthesia is the 
(iniekened, irregular rhvthm ami dee|ieninp o( respiration topefher with the 
on.set of stertorous inhreathint;. I •ei-ji snoriii" oeeasionail\ oi'eurs, or ihi' hreath- 
ill" mav iK’eoiiie slow and shallow with lahored e.xpiration. In this stap’e the 
JUllsi* is ipliekened aholll 2<t to |il heals per minute, atid the hlood presstiro 

inerea.s<*d >!<• to i!<t mm. 

-\t the first sipn of atiesfhesiti. a short siir-jii-al operation may he ]ir<s'eeded 
with. For dental o|M'rations the suhjis-t is allowi'd to pris’eei] ahout 1 hreatliH 
into the stertorou.s and asphy.xial sta‘.:e. 

If atniospherie air or o.wL'eii l>e now hrr*athed. the eidor rapidly iK'eomes 
normal. Tlie state of anesthe-ia jsTsisIs for alsnit ID .si-eonds after disr-on- 
tiiuiin^ the anesfhetie. 'I'liis is followed hy a jieriod of eotifusion and exeito- 
inent ftlie “laughitifr ;ras'' staire). whieh may last srv/imls to 2 niintileti. 
Xau«,‘n, vcrtiim and he.-idaehe may now follow, usually Ixuiifs of transitory 
character. 

OVERDOSAOK OF MTHors O.XII).' - If the undiluted anesthetic 1 k 3 con¬ 
tinued, the color lxx‘oine.H livid, the nuisides stilTcn, jactitation of asphyxia aj)- 
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pears, respiration grows more labored and stertorous. The pupil dilates widely, 
the rapid pulso Ixieomes slow and the heart aetion irregular and labored, the 
blood rises 00 to 100 nun., then begins to fall, the eidcjr turns a dark bluish 
gray, the jaws and thoraeie musele bc;<-onie fixed in tonic spasm, the epiglottis 
is aspirated tightly over tlu; glottis aperture, and the thoracic muscle becomes 
fixed in tonic spasm. 'I'lu; heart becomes dilated, but <'ontinm!s forceful work for 
a few minutf!s, during wbicb time resuM-itatioii may be aeeomplisbed if tbc 
asphyxia bo relieved, otberwisi; death raiiiflly ensues. Even in tbc first stage of 
overdosage, (uirdiovasetilar strain may result in j)ermanent h'sions to Inairt and 
arteries. 

If air or oxygen Ik; allowed before tin; heart action et'ases, resuscitation 
takes place spontaneously, since tbc resjiiratnrv mcclnmism usually makes tho 
last gasp whicli relieves the asphyxia, ainl results in return of the resj)irat()ry 
rhythm. However, the epiglottis may lx; suekc'd tiglitly by violent inspiratory 
effort into the chink of tlu; glottis. Iteatli from asphyxia follows if tin; condi¬ 
tion be not reli(!ved. I'lu; relief is alTord('d meelianically by raising the epi¬ 
glottis, preferably by grasping tlu; linguo <'i»iglottie ligament bi'tween 'J fingers 
and carrying tho entire ba.s(‘ of the tongue forward. l>ut this maneuver, as 
well as artificial resj)iration, is tiilliciilt on a<‘ivmnt of the tonic spasm of the 
jaw and thorax muscles. This ri'spiratory si)asni is less marke<l in asphyxia 
of gradual onset. 

Hy proper admixture of air and anesthetic the aspbyxial stage is held in 
aboyanco. This requires tit) per cent, of air. However, by this larg(' dilntion, 
chiefly with inert nitrogen, the tension of nitnuis oxid in tin* blood is .so lowered 
that irregular and nnsatisfaetory anc.stbesia results. If. however, pure o.xygen 
gas bo tho dibuMit in place of air, the tension of.the nitrous oxid ma.v be kept 
much higher and at tin; sanu; time ox.vgenation is more perfi-ctly controlled. 
For eontimiance of life only )> or 7 pt'r cent, of oxygen is nxpiired by normal 
man in tho tidal gases, against tit) jx'r cent, id' air. 

Physiological Action of Nitrous Oxid-Oxygen Mixture.-On inhaling jiitrous 
oxid mixed with li to S per cent, by volume of oxygen, the normal imm ex 
pcrienecs less scuise of general e.xpausion than on inhaling pure uitrou-s oxid. 
All tho symptoms of anesthesia come on less rapidly, and tho ane.sthctic stage 
is reached without tho .symptoms of aspb.vxia wbiidi mark the inhalation of 
pure nitrons oxid. ^lemorv is lost in about 1- inspirations. .Vnalgesia is now 
present oven Ind’ore tho subeons«Monsness /.one is entered. \ext a slight .stage 
of sulx'onseious c.xeitenient is pass«>d through, which gives wav in about 4 to 0 
minutes to light surgical anesthesia. Snperticial retlexes luav be iirescnt for 15 
minutes or persist through pn)longed operation. 'I’ln' dt'op retle.xes are never 
abolished, and musmdar relaxation does not become complete. Snspeusiou of 
function in tho lower reflex motor and sensorv centers is not to bo achievctl in 
normal man by nitrous oxid, unless supplemented by a basic narcotic, by a 
hydrocarbon anesthetic, or by an undcsirablo degiw of aspb.vxia. 

The breathing under nitrous oxid oxygon is full, regular, and of moderately 
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iiu-rc‘a><'<l rate, witli "liulit lii'|iirati<rv r<Mij>lu‘iiiuir. If Ihvuiiu's 
ninler •'liiiiiilalion u:' tla- li.iimt,; <•! ••jK-rnlni‘ j'nH'eiiun', nr l>\ earlHui ilioxid 
aci’uiinilaliiiii n--iilta'it i'l'iii t< |<<-ate.ll\ rel'H-alliini: e\|iir»‘(l uaM-s. Tlu'lireatli 
iiiir iiiav al'O Ikh-i.hii-<> r lAeiH 'i I'liar.H'ler in xerv liuht ane.-lliesia. 

’I'lie piil'C i' cl' ]hi.i!i i.itei\ iii. ii aM-.l rate. <>f lull ijiialily ami ti.siially of .'i 
til :.'<i tiiiii. iiierca't il [in-'me. 1 lie ]ite."iiie la iiiiTi a^etl. not In file aelion of 
niti'ciH u\iil ii'.-li', lint |i\ ^llL.'ll! .i-jiln m.i .uni n teiitioii of i-arluin (iioxiti ao emn- 
iiiciilv jin'I lit. With toll ii\\aenal icii aini uiili a "iillieieni'y iif frenli fjiiac*, 
there 1' iillle nr lie me in hlccd [iii "Hie. 1 li'li'r till- anesihetie till* uressnro 
reinaiiiK wi l! 'ii-iaiiii i! ilr'jiitc la nn'riliaae. ti.niina. aini othiT liejiressanlH of 
hliioil jin.'-nie, -c Imii' a' the aiie-lhi t a- he i niil iioii li. i he Iilm'ii vesaeia art' 
eiiL'iir-jeii .iinl hh e.l e\i i "IM !' i ii t he e| .ei at 1 \ e liel.i. Iheiihitui iadaiii. *i in! 
>kin is ii-ii.ili\ iia-i-t .11 '1 "li'.'hllN e\,iM.'lle t.i jiiie . ilejii iniinu^ mi tile tiefrrin' of 
ii.w ueii.itimi. I he -n!':ii'i"n m the -l.ui ainl In .it le's !i\ the e\ajiorat ion are not 

Ml yre.it .1.' n llh ether. 

.Vliesthe'ia <he|ieii~ ihrmiah tlie lii't h.ill limir. I 'lially the o.vynmi may 
he L'railnalh iinTe.i'e l uj‘ t" II |'ir emit. Ill tlie tidal M'liline tahmit, l.'t |)(ir 
emit, ill a (leiivei\ l<i litei' [Ml' iiiiiiiiiei uilhmit altering the |ihy!<ioliif;ieal 
s'ale III iiaht 'iirL'ie.il .nie-tlie'ia. 

Ihi w itlnli.iw .il III tlie .iiie'iheii". atler fiill anesthesia fur all hour or more, 

eiiiii|ilet(... n ii.iialli ria.iiinii nitliin iiiiiiiite», ami willi very 

little iMil'ia. lieaihnln . er ... 'iijiiele ii| the h \ d I oea 1 hull iiliesllielieH. 

’1 he Mime jirulmmed .unl I'lteli-e llie aliesi lii 'l.1. ihe Imu.'er the slaye iif rei’iiverv. 

The st.me Ilf iiecM n nee.i-l. .nj ] I, I.i-i. |,ir an hmir nr inni'e, and in Home 
liiiie.' aeeniiiji.iiiu d In innoinu: nt a n.itnie ninii amilel\ di't reh-iny tinin tliat 
id h\dl'nealh"ll alie-thetle. Ihe |i.ilii|ll nee.i -1, ,||.d I \ emilllllleM e\aili>lie or 
of ereeiii'h or riddt'h Inn for -miial d.ivs. 'I hi' ha.s hei ii as^Tilied to iin]inri- 
tie.s in the ua'i's, iintahl\ nili'n^i n deAni, 

I’iilnioinir\ eoMi[ilieat -m h a- hinin lin|>iiennninia frnin asjilration. or 

loliar |ilimiiMoni,i Irom e\[io'nre and loueied \ilai)t\. are le'S eiininion fhail 
aftiT etlier or ehlm.itnriii am'tlie-i.i. ('iietd.itnr\ eoiii]i|’e,itioiis heinijileiria, 
eardiae dilatation and e.irdiae deeo|ii|imi-,iiion have hemi noted after Hkilied 
administration. alllioiiLdi not Miih frei|ni n< \ .e alti r the anjihv xia! ancHtlii>Hia 
of nndilnteil nitrmis o\id. I hese e.ir limaM-iihir eoiiijiliealiiiii.s, toneflier with 
file linht ileL’rec- of tine ane-thc'ia and the e\er ininiinenf a.sjiliy.xia, eonhtifiitn 
tllC |)llV.sio]iinieal ohleetioli' to thi' ane'lhelie. 

Zones of Nitrous Oxid Anesthesia, /one., of ane'lln sia may Ih- ilifTeren- 
fiated. each with a di iinite s\ni|itoni eonijihA' aeeordin^ to the jw'reentat:i! of 
o.ween in a irivc-ii mixture. ’Ihe ]ieiemiia"i* of mixtnn- iiisjiiteii in eaidi zone 
is in tlie averaire eme-laiit and lia-ie for tin- animal kiiiLniom. In triaii it rc- 
'julrcs alnint minutes to l■stallli^ll an aiie'iljeiie eijiiililiriiim in any jfiven 
zone. Individual rei|iiirement touan! liiaher [KTeentaoe of oxytrmi is eornrnon 
when there is jiresenr an\ alinorimd emnlifioii of tidal toliime or of fjiinlity or 
rate of blood flow. Kor exaiiijiie. diininntion of lidiil volume from ohatnictlnn 
0 
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or breath holding, diihinishcd oxygen-carrying capacity of the blood by low 
hemoglobin, and dimini«hcd rate of blfKjd flow, all retpiirc higher percentage 
of oxygen than the average for that zone of anesthesia. The carrying capacity 
of the blood for oxygen is much diminished by anemia and by septic conditions; 
second, the capacity seems to l)o lessened and tbc necessity for higher per cent, 
of oxygen is evident in rapidly growing children and in patients of rapidly 
increasing weight; third, the carrying capacity, l)eing in direct ratio to the 
rate and volume of the blood flow, is lessened in asthenic states, such ns old 
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age, cardiac <locompensation and conditions of di.scase. .Vny of these factors 
which decrease the oxygen intake by a le.ssene<l tiiial vcdunie, or decrea.se the 
oxygon-carrying capacity of tlm blood by le.s.sened hemoglobin or rale of blood 
flow, must be compensated for by increase of o.xygen in the mixture adminis¬ 
tered to that patient. 

The zones charted in Figure 2:2 were determined in routine nne.sthcsia at 
the Roosevelt Hospital, except the most dangerous zones wlii(*h were determined 
by insufflation on tbc dog. For the analgesia zones 1 am inclebtcd to Dr. 
C. K. Tcter. 

The percentage of tho lethal zone is used for short operations such as c.x- 
traction of teeth. Tho nsphyxial mixtures of this zone ahonld Ik? abandoned 
for those which induce anesthesia more slowly and safely. Auesth^a inducc<l 
in tho lethal zone subjects the patient to severe cardiovascular strain, and car¬ 
ries him to within a minnto or two of «leath from asphyxia. The profound 
and deep zones are fre(]uently invaded by error during tho routine administra- 
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tion and arc rapidly retteattHl frtmi, by raiaiug tbo ponx'ntnjri* of <^xyp'ri when 
oncoming aaphyxiu it» «ibsfrv»*tl. |!y iiitrulraidionl insiilUntiou a do^ iiuiy U' kopt 
alive ill the profiaind /<>m* fur half an bour. Man may Ik* rarried in tin* divp 
rmio if till* tidal volunio is larp* and no aspliwial ubstnii'fion «>r fliorauii* lixn 
timi presents, \et tlie inarjiiin uf ^afety is small. I'lie inedinm /.oin* is \isefnl <eily 
for tin* tlr.'t iv\\ minnte.s uf indiii-tiun. as an undesirable dej;n*e uf asphyxia is 
noun indiuvd. Suine anesthetists uiili/e the j>h\siulu^ieally disadvantapnais as- 
jihy.xia uf this zmie fur an additiunal ileiins* uf aiu'slhesia on resistant snbjcx’ts. It 
is miieh safer tu utilize the lighter /t>nes and snpph-nient tin* nareusis by ether. 

'I'he liirht zune is the uiie desirable fur al'duminal snr^’ery. The jK?rfcet 
relaxaliun uf the li\dr<Harls>n aiasthi ties is lu’ver present, hut it relaxation is 
di‘sired. it niav Is* seenred in part b% snppii‘nn>ntal nareusis or l«s*al anesthesia. 
The vi'ry Iii.'Iit /une i*. tli;* desirable uin* fur snrfiiee snrm'ry, siieli as amputa¬ 
tion of tin* breu't. I loth this an<l the . . . zone may serve for all de- 

fm'<*s uf upi'iative Work wlieii sn|»|dt*nienle<l lu ether. In faet, tliesi* atxi fim 
id»*al zoni’s. sinee in tlie^e zones tin* bliwMl pressure is nut raised, the i*olor is 
normal, the bn atlnni.' i' i. -t exatruerate*! and there is nu asphyxia. 

On tin* tisn.ii \olnnie of deli\i*r\ uf ** to l(t liters of jnisT’s per minute, the 
jM'reeiifajLn’S in the lmsi's ch-livered must be about 2 p<’r ei*nt. hiftln-r thati those 
eharted above on aei oiml of dilution with expired leases from whieli tin' oXNp’ti 
has In-eii in p.irt alt'orls-d. In patients who an* aiu'iidn* or toxie from disease 
or wliose le-.jiirator\ vulnnie is small or who have diminisherl blood Ilow, a hif^her 
jH*reentaji:e of uxvL'eii is reipiireil to maintain tin* same oxyiu'iiation of tin* tis 
sues. 'I’he peii eiitaixe of ox\i.n*n need<*d in tin* in*'pireil jrases is approximut(*ly 
in direet ratio to the deirree of anemia or intoxication, b’or i’XMm|ile, a patient 
with per cent, heniuolubin or half the normal mw^en earrvinir eapa<*ity re- 
ipiires fur llie/oin*of Iii;ht ain*slhesia 20 jut e«*nl. of tixyjjen in the tidal volume 
of n*.s[)iration. iiisti'ad of 10 per rent, mixture*, as iloos normal man. 

d’ln* stimulus of ojierative trauma ele\at«-s the blood pn'ssiire 10 1r) .‘lO min. 
ill all zones. (*ven in tin* zoin* of jirofound anestlietii* asphyxia. .Nitrous oxifi 
has not the ether effc***! in lihs kin^' «*fTerent sensations by dins’f action on the 
nerve ends. 'rhen*for(*. if pro\ i(b*s no zone whi<*h jirotcs-ts a^miiist huriiifiii 
stimuli, as do tlie hydr(K*arlsiii fat-solveiit :im*st)ieties. 

Ai’I’AK.VTI'S KuK NiTUOI H ().xil*-f IXYriK.-S Ankhtiiehia 

Inhaler. — As it is e.ssential to c*xelude dilution hy air the face mask shenld 
fit siiuply. To the rna.sk shouhl Ik* eoiiiie<*te<l in elosr* proximity a linht niblicr 
reservoir bap of 1 or 2 pallon capacity for the pas. The irihnlcrs supplied by 
dental bouses for pure pas adrniiiislration are inefTivtive for surpieal ancft- 
thesia. Eflf surpieal work the flafcli, Il»K»tbbv, flwathmey, f'obum and Tetor 
inhalers may be mentioned as excellent tyjKw. A projKtr mask should have the 
followinp features: A metallic or eellnloid mask enelosing the area of tbe'noso 
and njoiitli, the edge of the mask being properly shaped to the average coa- 
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tour’ and rendered gas-tight on slight pressure by an Inflating rubber ring; a 
series of valves, so that the gases on exhalation may be wasted into the outer 
air, or be returned into the original reservoir bag for rebreathing. Other valves 
may provide for inhalation of atmospheric air as desired. 

*Oai Supply. —The most convenient supply of gases is that compressed in 
oommereial cylinders. 

Apparatus for Control of Oases— crudk apparatu.s wiircii pops not 
MEASURE. —In the simplest form of apparatus both cylinders arc connected by 
a Y tube to the inhaler bag, and the flow of each is controlled by a valve at tho 
cylinder head. An efficient apparatus may be improvised by strapping 2 tanks 

together so that they sit 
securely and leading tho 
f)utflow by Y connection 
into a common tube which 
runs to an iidialer. As 
ea(*h gas is reciuired, the 
cylinder cock is opened; 
the oxygen, being in gase¬ 
ous form, flows smoothly, 
hut tho nitrons oxid, being 
licpiofied, boils and sput¬ 
ters. The flow becomes 
metre even htuI controllable 
when a reducing valve is 
attaidied to tho tank. 
I'liese reducing valves with 
projter pressurti gauges are 
common articles of com- 
mercc supplied by the 
manufacturers of nitrous 
oxid and oxygen gas, A 
good form of stand for 
holding and controlling the 
raw cylinders is the Gatch 
apparatus. 

An extensively com- 

FiQ. 23.-'rHK HooniBY APrARATUB rOB NiTHOVS OxiD-OXYlUCN, -I- 1 i i 1 T 

Aia AND Ktukb Mixtukkb. A, WntcT ohamUT. a .si^ht fcc<i niercializod type ot deliv- 
for tho diffuront KiuM'S, l)ulil)k>il thnniKh the water; B, ether erv apparatus, mentioned 
vaporiier; C, redueinK valves and premuro gHU«ca; 1>, face ' i * * i i 

mask; E, air-presauro geuerutor. tO bc condemned OH ac¬ 

count of the misinforma¬ 
tion which it yields, is that which depends on the simultaneous opening of valves 
OP ports of diffeivnt sizes, as a means of measuring the relative volume of tho 
two ^Boa delivered. Dependence on tliis inaccurate type of measurement may 
lead to distressing misjudgment and asphyxial death, especially in inexperienced 
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hands. Siiiiplo npparntns. with iilh^niato inaniial ciiM'nin;; and ('taxing mf 
anti visual or anditurv oiiniatiiai of tho pro]M>rlion of plat's tli‘liv('rt*t1, ia nnndl 
to bt* profornnl tt< tln-M' iiia<-v\ira(i“ inatninn nta. 

AI*r'AHATr.s wiiH II MKASi ni-X Tlif 'IVltT apparalna inoaanroa tho gaa 



Ku>. 24 —Niiuni H I'iiHiii I'l.'/w A, NifrniiBoiW inutfiHtAfMWJ* 

H. |mnifhul<* icniiKn, ccirnYHfif^l 

I), «*lhrT lank, K. rtJi<T tIr»t|»|KT, K.i.‘*-<'ontr‘jl O, i>iillH, 


(low hv irriiiliial ojKMiinfr of a "radiiatotl valvf. It is apprtixiinaUdy poircct to 
lon^r as tlio valv(‘.a remain iiiiwtirn and true, and if tin; prosHiiro ia nctnirately 
controlled. 

The Ilmithliy ap|tara(ns face Fitr. 2d) dejx"nd» for mcafliircmcnt on tho 
hiibhlin/r of pnacs thrmipli wafer as a iiicariH of estimating the rate of flow. It 
is much more elastic and accurately adjnstahlc than the foregoing, since the 
parts do not wear nor iloos the pressure nee<l to be Cfinstant. 

The ifcKcsstin ajtparatns defx'iids on the suction effort of inspiration, 
open adjustable parts and the a.spiration of oxygen and nitrous oxid from 2 bags 
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of bial^need pressure. The apparatus is accurate in measurement but has the 
fault of requiring for its operation aspiration effort on the part of the patient. 

The Connell apparatus (sec Fig. 24) is a measuring unit of the instan¬ 
taneous gas flow gauge type. It is designed for use between the gas supply and 
thff inhaler and permits of accurate constant measurement of each gas. It 
consists of two Connell instantaneous gas flow gauges of the piston type. Each 
gauge may bo connected, one to nitrous oxid, the other to the oxygen supply 
under any pressure from 1 up to 150 pounds. By opening a pin valve the pis¬ 
ton rises and accurately reads tho volume of gas flowing each instant. The 
oxygon gauge reads in quarter liters of gas per minute up to 6 liters. The 
nitrous oxid gauge reads in 2 liter steps up to 1C liters per minute. These 
gauges are mounted on an aluminum base containing a small electric stove. 
Ether may be fed by the drop into the gases from a 2-ounce tank through a 
sight feed. Tho combined gases find exit through a third gauge, the Connell 
parachuto gauge, reading from G to 24 liters per minute. The entire apparatus 
weighs about a pound. 


TkCRNIC op AnMINISTHATIOW 

Nitrous Oxid.—For short operations such ns inci.sion of abscess, tho inhaling 
bag is filled with 8 liters or 2 gallons of pure gas. The face mask is securely 
fitted and tho valves so adjusted that the first 4 c.xhalation8 of tho gas are dis¬ 
carded together with the nitrogen and oxygen that were present in the respira¬ 
tory tract as tidal and residual air. The exhalation valve is then clo.sed and 
the gas is rebrouthed to and fro until sudden increase of the depth and fre¬ 
quency of respiration marks tho onset of the .stage of anesthesia. The mask 
may now bo removed and tho anesthesia will persist for about 40 seconds. If 
a longer operation bo contemplated, a proportion of atmospheric air must bo 
allowed by occasionally opening an air inlet, or by rai.sing the mask for an 
instant during inspiration. F'rc.sh nitrous oxid must bo supplied ns this is lost 
or becomes too diluted with air. 

To and fro rebroAthing of tho gases, for anesthesia of short duration, is of 
advantage because in this way anesthesia is secured with less muscle twitching, 
thoracic fixation, and cardiac strain than when each tidal volume is of fresh 
nitrous oxid. 

Tho usual anesthesia quickly achieved Avith pure nitrous oxid depends in 
large measure on the state of partial asphyxia induced. While for small dental 
procedures this short asphyxia is attended with little danger other than that 
incident to tho cardiac strain, yet for the more prolonged anesthesia required 
in surgery, cA'eft for procedures of 1 minute’s duration, the asphyxial anes¬ 
thesia of undiluted nitrous oxid should be abandoned for the true, non-nsphyxial 
anesthesia secured by nitrous oxid-oxygen mixture. 

Nitrons Oxid-Oxygen Mixture.—General Consideration.—The preferred mix¬ 
ture for induction is 6 to 8 per cent of oxygen in nitrous oxid administered 
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in quantity of about C to 10 litcra a miuuto. Tho first few exhalHtions are di»* 
carded. Tbereufter the cxlinlution may be iuixe<l with Utc frenh and to 

and fro breathiug ia |>crmitttHl. Tlio rebrcatliing bjig may Ui cinptiiHi eld 
ga8i» and filled witli friwli every 1 or 2 miniilra |in*forutily a alow oven de¬ 
livery and diseliurgo are wtaliliahed. Within ‘J miuntea the j)ereeiitago may 
bo rniaed to 0 (H‘r ctnit. If n<i ndialde meaanrin^ njiparatUH ia nvailahlc, thi>ao 
pcrcentafn» aro a]iprnxinuit«‘il liy pieaa work, xiainj^ (lie patient aa an index. 
Any rc.>ipirat<try einharraaiiiuent or dtvjHMiinff eyanoaia ealla for higher per¬ 
centages of oxygK'n. Tlu< Magi' of alight exeitenn'iit lastH usually aUiut 3 min¬ 
utes. l^ight surgical anesthesia eouies on in aiHuit minutes and gradually 
deojwns. The color, tho respiration and the pnlst' must Ihi ean'ftilly watehoi], 
and signs of asphyxia i|uiekly noted and relieved hy higher j«*reentagea of oxy¬ 
gen or air. The color should never show more than the slightest tingo of blue¬ 
ness and preferahly no eyanosi.s whatsts-ver. The jnilse should 1 m' of inixlcratoly 
inerea.srd friipieney and of inenaised force and volume. A slow, asthenic pulse 
or a rapid one of we-.ikened iiuaiily shows datiger to the circulation and immi¬ 
nent asphyxia, as do shallow, jerky resi>iration, umsi-nlar twitching, or an ashy- 
gray cyanosis. .Much exat:gerat<‘d Imaithing may mean tiM» suiierlleial anos- 
the.sia, or, on the other hand, carlsin dioxid ri*teution. This latter is met by 
more freely washing out the lungs with a larger supply of fresh gases. The 
upjM'r res|iiratory tract iinist 1 h' etlieiently ojm'ii. If there is any ohstrnction to 
tho ebb and flow of tidal vidunie, the intrapulmonarv gas<*s Is'come so rapidly 
ileplcted of o.xygen that asphy.xia shortly ajija'ars. .Nasal obstruction demands 
that the mouth 1m- kej»t o[M n by gag or by breathing tula-. 

When relaxation is unsatisfactory it csiniiot Im- secun*d by dee|M‘ning the 
asphyxia; to the contrary, relaxation is accomjdisheil by increasing the oxygen 
jK'rcentnge and the total giis flow, or by snjipleniental etla-r ani-sthcKia. 

Ocensionally the pi-reentage of oxygen may Isi inereaw-d as high as 12 jKSr 
cent., or umlcr conditions of shallow' respiration and asthenic, states even 
higher. When the gases are excessively rebri'athed and the total snjtjdy is 
small, n.s high as l.'> to 2t) |H-r cent, of oxygen is reipiin-d in the fresh supply 
to yield in the tidal ga.ses the proper anestln-tie mixture of from .S to 11 per 
cent, of oxygen. Percentages lower than these may lie uw-d in short procoilurcs 
of 5 minutes’ dtiration, since the hhsKl carrii*s for some minutes of anesthoaia 
a resciw'o supply of lixwly condn’ned oxygen. However, w’hen tho nn^rvo aup- 
ply becomes depleted after .‘1 or 1 miimtes. any dejiression of the oj^ygeri below 
6 per cent, is fraught with danger of sudden collapse of tho rt'Sfiiratory contor 
from asphy'xia. Percentages of oxygen higher than 11 are useful only for very 
light anesthesia or when nitrous oxid is supplemented hy other anesthetics or 
alkaloidal narcotics. Tho opcratoi must work in harmony vrith the anesthetist, 
and not expect the complete and cijntinuous anesthesia and ndaxation of the 
other general anesthetics. 

Methods of DeliTcry in Detail.—The two basic tyjKJs of delivery are tho in- 
terrupted flow and the coniinuom flow lucthrxi of ethninis.tration. 
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THB INTEEBUPTED FLOW OB BEBREATHING METHOD (GATCH METHOD). 
—TbU method requires the least apparatiw and is the most effective of crude 
methods. It is oconomical of ^asos and in the hands of the inexpert anesthetist 
working with crude apparatus it is tin! method of choice. 

The rebreathing hag is filled hxjsely with nitrous oxid and 1/12 part of 
oxygen is added. The first 4 hreaths are exhaled, washing out the residual air. 
The exhaling hag is then closed, and the patient rehreathes the remainder of 
the gases. Eresh nitrous oxid is now added and is slightly diluted with oxy¬ 
gen (1/10 part). I’lie patient is allowed to rehreathe these gases so long as the 
color shows only a tinge of hlueness. .\f‘ter a minufc! a suudl amount of oxygen 
is added to repleni.sh that which has hetm ah.sorhed into the hlood. The breath¬ 
ing soon shows marked stimulation in fre<iiHuicy and in tidal voliituo because 
of excitement and carbon dioxid accumulation. After 2 to 4 minutes the ex¬ 
piratory valves are opened and the rehreathing hag almost emptied, to be filled 
again with fresh gases. As little as 40 gallons of gas and 12 gallons of oxygen 
may bo consumed in 1 hour, yet hett(*r anestlu'sia is achieved hy 120 gallons of 
nitrous oxid and l.'l to 20 gallons of oxygen jxtr hour. 

The anesthetist is constantly on guard against asphyxia. The patient may 
rapidly turn blue and begin to twitch. More to he dreaded than this acute 
asphyxia is the asphyxia of the asthenic type. In this type the pulse loses its 
force, the respiration grows shallow with lahonsl ius|)iratiou followed by a short 
expiratory jerk, and the skin turns a dirty gray. When eitlu'r of these types 
of asphyxia appears the j)ercentHgo of o.xygen is imnusliately increased or pure 
oxygon is substituted. For the astlxuiie type of asphyxia, showing as it docs 
circulatory danger, the effort to induce anesthesia hy nitrous oxid alone is 
abandoned and, with a liberal allowance of o.xygen, etlii-r narcosis Is gradually 
suporimpo.<«3d, or substituted entirely for that of nitrous oxiil. 

THB CONTINUOUS FLOW MKTIIOI) (BOOTIIHY FTHOI)).- -'I his is a more 
rational method and yiehls a safer ami more even grade of anesthesia. The 
same outfit of face mask, rehreathing bag and valves is utili/.eil, hut the de¬ 
livery apparatus is of such nature that a continuous How of adjustable volumes 
of the 2 gases may be established. To yield the best results the gases should 
flow uninterruptedly at the rate of at least S liters per minute (120 gallons 
per hour). Smaller volumes and intermittent ilow result in carbon dioxid 
accumulation, rapid breathing, cyanosis and poorly maintaiiu'd degrt?e of anes¬ 
thesia. 

The gases may be set flowing by gm\sswork from tank pressure preferably 
reduced to at least 4 pounds, but some mcthotl of approximately ac'cnrate esti¬ 
mation is far more satisfactory. As previously noted, the common commercial 
cooks and ports, alleged to ho minutely graduat('d in p'roentage and cpiantity, 
are grossly inaecurate. The he-st crude determination is that of lloothby, 
namely, bubbling each gas through water from graduated hole.s. With the 
Boothby apparatus and its more portable modification, the Gwnthiney-Woolsey 
apparatus, the anesthetist soon learns at what rate each gas should bubble. The 
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total flow ahoiiM fill n J-pillou lia;r in At* tstxniiidjt. Thus a wmsfaiit fr^ah dolirery 
of 8 liters jior luiiiiite is (^tiililislunl. Ksi-a|M'iiu‘iit «<f hrmitlunl pjw's is ix'rtuilti'd 
lK>at hv nil iiutoiniitic jire^surt* reli-ast* valve at tli<> mask. One or 2 mm. or mom 
of jaisitivo pnssiin* at the f'.i.i- nui'k eiiMiirs auaiitst aspiration of air into tho 
mask, ami viehls, tliereftire, ;i niort* oven i;r:oh* of anesthesia than if no pressure 
is maintaiiu'cl. Alter tlu‘ tir-t lit mlnuli's it luvoim's praetieahle to striki' sueh 
an even rate of ilow th.it the appaiaius ihihI s<‘are<'l\- Ik* further adjustiHl 
throui'h sulise(|ueiit hours of am-'tliesia. 

Only in <*a.s«‘ of re-piratory ohstnietion or <ilher neeidents of aneslhesiii noetl 
tlio nitrous oxid Ik* rut otT aiul tin* owiieii tlow iiiereased. ('vanosis should at 
no time lx* presi*nt. If <lee|>er aiiestlie>.ia or mii'i'iilar reiavation for ahdominni 
surgery is de-ired, this i-> he-i oliiaiiied hv a slow eontinuons dropping of (^t.hdT, 
lie^inninjx at. 2 or .‘! drop', pi-i* second .’ind ;ira<lnallv di'ereasin^ to 1 droj) every 
d MK'omls (see Nitrous (txid Adjuvants). 

With the ( ’••niiell iiistuiitaiieous M.-is tlow jiaii^i* a]>paratus, tlie ^asi's may Iw 
mea.sured with aeeiiraey ami the ether uihled in deliuite pro|Mirtion. The ap- 
{uiratns is eoniieeted to any pr<*ssure of "as troni I t** l.’iO pounds, hut. most eon* 
veniently to a tlow redu<*e<l troin taidv pre.ssnre loah<»ut t poumls, 

(.’ON.VKI.I. TK< llNir OK MTKOKS 0 ,\ll» A1 >\l IN t.STK ,\TION. Kor 111! 
eases, ehihlreu ;m<l a<!iilts, nitroii' o\id is set tlowiii" at .'•> liters per minute, 
with the .sin"Ie I'xeeption of hiri'e niu-<*ular men of a<*tive metaliolism, who re- 
eeivo It* liters p<*r miuiit**. The oween is adjusted to •'j liter p<*r minut*. 
This volume is fed iut<t any proper t\pt* of faec* nuok ami hri'alhinn ha;;, where 
it mixes with the I'xpired eases. .\s simui as faint evaiio-is appi'ars, usually 
within 2 minutes, the ox\"eu tlow is raised to I liti'r ami shortlv then*nftnr 
to 1| ( liters per iuiuut<*. This n-sult- in a mixture of ahout Id per l■ent.. oxy- 
i;en, whieli, when mi.vi'l with <*\pired ".ises, \ii*lds ahout 1 I per rent, of oxygen 
I'oiistantly presi*nt in the hreathiii" h.i". On this mixture nc*arly all patients 
enmo to anesthelie eipiilihrium in li"ht am-sthe*ia. If sulileieut anesthesia 
cannot Ik* si*eured hy nitrous oxi*l, ether is a<hhil as imiieated (sis* Nitrom. 
f)xid .\«ljuvants I. After 2*1 minutes the oxyeeii ma\ iisiiallv Ik* iiiereasisl to 
1' " liters jH'r minute*, |■'rtr am*ifii»* ami septie* ea.se-s the itxyee'n mn.st Ik* rajiiflly 
inerea.seel as imed ari'(*s. until the h*vel «if tin* patie nt is femml. I{are*ly am mom 
than 2 liters eif et.\y"e*M ]K*r minute* reepiire**!. nnle*ss the* fi'hil volumes e»f respira' 
tieai Ik? very small. 

OTIIKK MKTIloDS.' T\si i rr.\Tiox. N’ifretiis e,xie| e)xyp*n mixtnm may ho 
adniinist<*re'el hv jeharv ni:e*al ami intralrae-lie-al iiisufllat iem hy tin* te*ediniei already 
dc»eril)c<l under fln'se* me*thoels. d his aelnonistration is w'aste*ful, re*e|nirinjj 20 
to 20 liters of fr(!s)i pas jK*r minute*, and is !i*s8 aelvantapnems than ether-air mix¬ 
ture. 

PaKTIAI, rNSIKKI.\Tret.V, Keoj All'eiMATIe' eiU I’eislTIVK I'kKSSUUK A.HKS- 
TiiP.«i.4.—.\ftpr‘ane.‘‘fln*sia has lK*<*n iinlneeel l»y faee mask, a fl-iw i.s estahlislieel 
into the pharynx hy llie nasal reiute, eleliverinp 8 tee 10 lit<Ts jK*r tninnte. The 
paaoa are expirtxl throneh a pharynpeal hreathing tube (see h'ig. 2.'i). Tho 
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patient reoeives a constant supply of fresh gas into the pharynx, and breathes 
back and forth through this mouth tube. The expired gases are trapped in and 
apill from a rubber breathing hag attached to this tube. This establishes an 
antomatic delivery, keeps the upper airway open, and relieves the anesthetist 



oathotora alcitio iiro iiiacrtuil. See piiKoa 05 iiud 00.) 


from holding a face mask in place. If po.sitivo pressure is desired, the spill 
cock from tlio breathing bag is partially closed until the bag is distended to the 
desired pressure. 

Advantaoes and Limitations ok Nituous OxiivOxygen Ane-stuesia 

Nitrous oxid-oxygon mixture is the safest of all anesthetics for short opera¬ 
tions. For long operations it is as safe ns ether only when skillfully admin¬ 
istered. Death from asphyxia may rapidly occur, and since the extensive 
intrbductiou of this gas into general surgery the reported and unreportefl 
deaths have probably far e.xceeded those from ether. The anesthetic should bo 
given only by anesthetists thoroughly familiar with the ret]uired apparatus and 
quick to recognize the symptoms of asphyxia in all its phases. 

Anesthesia is induced rapidly and pleasantly and without irritation or 
excessive secretion of mucus. Bronchopneumonia, which follows the inspira¬ 
tory accidents of ether, is rarely seen, and the “exjiosure” lobar pneumonia 
occurs less commonly than after qthcr and chloroform. 
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Nitrous oxid lias no known iiniiieiliato nor roinotc tox'uMlo^' other thu ft 
from asphyxia. It is tlie Hiiosthotio of «*hoiiv in lunite pulmonnrv and renal in* 
ilainmation. 

The after-<*oni])lioati<wis of mineral anoslhi^sia an* ininimizod, nanaou and 
vomiting arc aonicwliat lo-^s cMunniuii ihaii after ether and ehlorofortu iinesthcain 
of ctpial duration, ami are usually transitory in elniruet«‘r. The atagi* of n»- 
oovery of smisihility is slmrtened. This rapid nvovery t»f pain M*n«ihility 
may Ik< elnssitied as a disadvantage in major surgery. . 

.\itroii8 oxid is nnsal isfaelori t.i the surijism who has laxai trained to wwk 
ntdtani|H‘rcd iK-eausc of the ph*sii«!ogical liniilations of this ani'sthetie, nnnioly, 
light anrstln-sia. imsiniph te n l ixation. ehani;ed eolur value and exei'ssivo eon- 
pestion of tissue. .Vitmusoxid ofleii fails to hold ii> pro|H*r anesthesia viponms 
yoimp adults, vigorous fat suhje«-ts. ami ihoso aeeustonu'd to iian-iUies, sueli as 
alcohol, tolia(‘('o, iiiorphiu ami owain. To vidd an aiieslhiMie s(at(> approaching 
in depth that of full ether and ehloroforiti aiieslhesia, nitrons oxid must Ix) 
.supjilemented in action lo prerniilnary nareo'.is of suidi nmh*sirahle narcitties 
as morphin ami seo{iolamin. ftr must In> reiuforeed during thi‘ administration 
hv light (‘ther ane.*fh(’sia. or hy ••Ilieieiit Imid analgesia. 

Nitrous oxid is uii'afe wln ii respiration is re-lrieled or ohstrneted in any 
way. The narrow ami eollap'dile eax wa\ of the upj>er respiratory tract in ' 
infancy and childhood remh'rs nitrous oxid an unsafe* anesthetic for ehildri’ii 
under S. It is unsafe where strain on tin* lu’arl or higdi pressure may result 
in fl(vom|H'n.salion. or arterial strain nia.' result in apoplexy. 

The im*rease<l cost of nitrons o\id*ox\gen over elln*r :inesthesia is a (piestion 
of hospital (H'onomics, the* cost a\<Taging not less than 2 ilollars pitr hour of 
unc.sthcsia. 


NTtkocs ()xm» .\ .m:s 1IIi>i.\ Ao.i r vaxth 

Introduction. f)wing to the intrinsically light e'haracter <»f nitrous oxid* 
oxygen ane.slhesia, as said aliove. it iiinst fre<pieiiily Is* snpplenient«*d for gen- 
oral surgery hy ulkaloiilal nar<*osis or hy light, ether aneslliesiu, or Isith. 
Morphin witli afropin or with seo|Hilaniin is the* ns-ognize'd ulkaloiilal adjuvant. 
Without those adjuvants it is im|H)ssihle to hold in surgical nmiHthesiii rohiiitt 
athletic individuals .'iml tlio.se of uleoliolie, tohaeeo, ami other narcotic habits 
without dangoroii.s degrees of asphyxia. 

Ether Anesthesia Supplemental to Nitrons Oxid.- I’v propf*r combination) 
the Ixwt {Kiint.H of Ixitli of tlic.se am*sthetics may Is* sei'iircd, Hy condiining tho 
very light zone of nitrous oxid ane,sthesia, i. <*., 11 to 11 j^s^r exmt. of oxygen, 
with the light Huls'ou.*s*ioiiH zone of ether aiie-sthesia, i. o., a vafsir pn^iiro of 
15 to 25 mm., a physiologically ideal state of general anesthesia may be in¬ 
duced, for the light transitory ane.sfhesia of nitrons oxid is secured bigether 
with tho relaxation, senisirv neiwe-end paralysis and p^aitofairativc analgesia of 
ether. The asphyxial zones of nitrous oxid may bo a\'oidod, also such conoen* 
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tration of ether vapor as actively stimulates mucus secretion in the bronchi. 
Nor do the after-effects exceed those of unsnpplemented nitrous oxid adminis¬ 
tration. 

TECHNIC 1.—The patient is primarily anesthetized by nitrons oxid oxy¬ 
gen. Ether is now slowly added, iiiereasing the vapor pressure to approximately 
80 min. by adding 0.'5 drops of other for each gallon of gas, usually 2 drops 
per second. At the same time the oxygcui jicreentage may be increased to 12 
per cent. When anesthesia is eomplchi and general relaxation has been estab¬ 
lished, usually within 0 minutes, the anesthetic state may be readily continued 
by nitnais oxid-oxygen alone, nsnally without further recourse to ether. 

TKtniNlc 2.- -At any time! during the eoiirse of nitrous oxid-oxygen anes¬ 
thesia, when it Imcomes necessary to secure efHcieut anesthesia or to establish 
relaxation, the administration of ether is desirable. 'I bis is a far .safer pro¬ 
cedure than to persist in attfuiipting to get eomplcte anesthesia in unsupple- 
monted nitro\is oxid anestliesia by reducing the o.xvgen snj)j)Iy. 

About 80 mm. of ether vaf»or pressure (i. e., ().”> drops of ether per gallon 
of gas) is ncx^esHary to establish an efficient states of aiu'.sthesia within reasonable 
time, i. c., 0 to 0 minutes. Wlnm relaxation is .sc'cnred, tin? ether is discon¬ 
tinued or reduced to minimal dosag<!, i. (»., 20 mm. of vapor ])re.ssurc or 15 
drops of ether per gallon of gas. 

TKCUNKf 3: TlfH HOST MMTIfon. lly starting the administration of 
other immediately in nitrons oxid administration, adding less than 22 drops of 
ether per gallon of gas, the do.sage <»f ether vapor may be kept constantly below 
30 mm. of other vapor pressure. The o.xygcm content in the gas may bo gradu¬ 
ally increased to 1.5 per cent. Thus the safest, Jiio.st .satisfactory state resultant 
from any general anestlietie is obtained, a state eombiiung the light subcon¬ 
scious zone of both (!ther and nitrous oxid into one of dce{)er yet controllable 
anesthesia. A {)roper ether tlow is a drop every 2 .seconds for the first half 
hour, theniafter a dnip <?very ;{ second.s. 'I'lie gases an* best »leliv»!red continu¬ 
ously, 10 liters per minute. Thirty grams of ether ]>er hour and 1.50 gallons 
of gases arc used. 

Alkaloidal Narcosis Supplemental to Nitrous-Oxid.— Preliminary alknloidal 
narcosis renders the eonr.se of nitrons oxid anesthesia smoother, increa.ses the 
depth of anesthesia, allows an increa.so of I to .3 per cent, in the oxygen per¬ 
centage, and renders the necessity for ether less frequent. However, these nar¬ 
cotics desensitize the respiratory center and increase the flanger of respiratory 
collapse from asphyxia. Seopolnmin or hyoscin also occasionally exercises 
rapid jKiwerfnl depression on the cireulntory mechanism. 

TECHNIC 1. —The usual procedure is to administer, 1 hour before anes¬ 
thesia, W grain of morphiu with atropin, grain 1/1.50. Or the dose of morphin 
may be Vs grain given 1 hour iHjforo anesthesia, and if no narcotic effect is 
manifest the dose may bo repeated hour later. With athletic, robust indi¬ 
viduals the dosage may bo doubled. In total not more than VI; grain of morphin 
nor 1/75 grain of atropin should bo administered. 
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TECHNIC 2. — Xforpliin. > prain. with WNipcilaiiun. t/K^o firaiu. i« ad* 
miuiotcrcil 1 hour ln'fore ojK*rntiou. If no nariHitii* I'fTivl it* cviilciif, the ilom; ia 
re|H’atf.*<I in ' j hour. 

With the»o narootio u«ijuvau(^ a suMvptihti* jiatirnt uiav oamilv Ih' oarrit*<l 
in satiafactorv i>uriii<Ml am-ilu-'ia «iii u 10 to IJ |K‘r r«“nt. oxv^x-u ilolivory, 
hut the ph\^ioloi;i^•al is not sn saft* <ir Mili'faeOTv as witli i'llu*r a.s an 

adjuvant. 

PoBtoperative Narcosis. I’nless a |in‘linunui v naivtttie lias Ihsui triveu, jHiat- 
operative alkaloidal narcd-iis Is a fullowint; niintiis oxid aiii'stliesia, as 

no niereiful after-jx'ri tnl III **1 iniiHileiiee ainl anal;;i‘sia is prt'seiit as witli elhor. 

The usual ti‘c}ini<‘ i> In ailniinixter li\pmlcnnii'aliy niorpliin, * j ^raiii, f> 
minutes Ix'fore diseonliiuiinn nilrntis nxid aiicstlu^ia. 

ETHYL CHLOaiD 

Introduction. I‘]tli\l eliinrid is .a r:i]>i<ll\ ai-iliiL'. inleiiw yet transitory 
aliestlielie. 1‘or prant lea I piirp<isns if iiia\ !«• <-<.iisli|i'rf<l as a \ery rapidlv aetin^ 
elilomforni. It lias siicli prnprrlies «<( tapnl vnlatili/alinii and dilTusion, and 
such intiMise aetinii as a lipnnl snlveiil as fn Is* cniitrnlled with dillieiilty iu il.s 
nuestlietie effect. , 

For a time it was \aiiMle<l in Fimland as pesse-^int: the (piiek aelion and 
sufetv of nitrons <i.\id, hut a scries of fatalities hroiijjljl <lisilInsion to ils advo* 
eate.s. .\s a pmlotmed anesthetic it has had extensive triid and l«“en found ho 
uneontrollahle as to he ilanaeroiis in the deeper stages of full sur^/ieal lines 
tliesia. and to induce in exair;;eraled form the ev il aftiT idfis-ts of the Iiydro 
earlxni anesthelies. 

At present it is used, with the sann’ indications as nitrous oxid, for transi- 
torv anesthesia whiTe the eas is not aiaihihle. It is (s’casionally emjdoyed to 
hasten the indtietion of etlier anesthesia. Its use for tin* maintenanee of anoH- 
th«*sia liovond minutes has Im-cii larfrely .ahandoned. In the lifrht. sta^'en of 
priinarv anesthesia it is Ic'S ihuuicrous th.’in idiloroform, hut iu the stiifjti of 
rivoverv deatli from cardiac eidlapse is more fnspicni. It i.s not, a mife nncH- 
tlietie to use in a sittiuii posture as is nitrous oxid. 

Physiolopcal Action. Fth\l ehlorid is locally a refriyerant hy rajiid viifsiri- 
zation. It has very little odor and in the ropiired iH-rcmitaue is not an irritant 
to the rc.spiralorv tract. On the circulation it has the same elhs-t, as i-hlorofonn, 
being a primary paraly/.ant of heart muscle and ilepressiint of hlooil presHure. 

RESPIRATION.- .\fter a few inhalations respiratory movement growH full 
and more rapid. Within !.'» hreutlis slight stertor marks the onset of auoHthc»ia. 
In the stage of light aiu-sthesia with excitement there may Ixt n-spiratory em¬ 
barrassment, evanosi.s. and asphyxia from syiasni 'if tlie jaw nr the glottis, or 
from thoracic fixation. With this anesthetic asphyxia is badly Wrie and must 
be promptly relieved, 

8EN80BIUM.—Con.sciotisncs» is lost with rcinarkahlc rapidity. By closed 
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methods and with fSpid admission of the vapor, consciousness may be abolished 
within 4 breaths, and as a rule without noticeable discomfort or resistance. By 
the open methods and in resistant subjects a staj'C of excitement may be present, 
with some respiratory baltin,£i; and sli“;lit f'cneral muscular ri>ridity. 

ZONES OF ANESTHEHl A.- Without doubt the same zones of anesthesia exist 
as with ether and chloroform, but it is iinpractieablo to maintain continuously 
any desired level of anesthesia, since the changes are so rapid with this vola¬ 
tile drug. 

Period of Recovery.- -The period of recovery is brief. After a short admin¬ 
istration th(! jiaticMit may regain comscioiisncss within a few breaths, after longer 
administration recovery may take minutes. At times when sudden over- 
ane.sthetization occurs, the degree of anesthesia may dangerously increase for 
an instant by absorption of the anesthetic residual in the alve(dar air. The 
period of recovery largely dcipends on the duration of anesthesia and the rela¬ 
tive tidal volume of respiration. 

Recovery of eonscionsness is not infrecpiently followed by severe headache, 
nausea, repeated vomiting and severe prostration. Late in this period even 
several hours aft(!r the administration, a ilehiyed collapse has added a number 
of fatalities to the scsin' of this auestheti<*. 'I'his hiti! eollajise is more liable to 
occur after prolonged administration, also when, for jnirpost; of economy and 
to deej)en th(! aiuisthesia, a state of ehronie asphy.xia has been occasioned by 
oxecssive rehreathing. 

Technic of Administration.--'I'lnire are two nn'thods, the closed and the 
8omi-oj)en. 

CLOSEli METHOD. Into the inllatcd 2-gal!on air bag of any closed face 
inhaler, such as the Ormshy or the IJennett. rnpiid ethyl chlorid is sprayed 
through any convenient vent, in dosage of als^nt 1 to 2 e. e. for the child, up to 
3 to .T e. c. for the adult. Kebreathiug is judiciously allowed for about 15 
breaths, when a period of available anesthesia ensues, lasting a minute or more 
after removing the mask, b'or more pndougc'd anesthesia fresh air must be al¬ 
lowed by partially opening the air vents of the inhaler ami adding fresh anes¬ 
thetic as indicated, in dosage of ' •_> to 2 c. c. per minute. 

SEMl-Ol’EN METHOD. - Either an Ksmarch inhaler, well swathed in gauze 
and moist toweling, is employed, or a special ethyl ehlorid inhaler consi.sting of 
rubber face mask with a 1 in. gauze-covered of)ening is selected. Onto the 
mask is sprayed a continmms stream of ethyl chlorid, -t to 5 c. c. per minute 
nivtil anesthesia emsues, when the dosage is decrea.scd to up to 2 c. c. per 
minute. 

The E.smareh inhaler is the simplest and .safest mask, but involves the 
largest wastage of the drug. Unless it is well swathed over the face with moist 
toweling, proper nuesthetie pressure of ethyl ehlorid in the tidal air is secured 
with difficidty. 

For prolonged anesthesia it is far safer to superimpose light ether anesthesia 
than to continue the ethyl ehlorid alone. On the whole, ethyl chlorid meets no 
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uccctuitv in um>;)tlie}«ia which cannot In* U*tU*r supplit'd hv otlicr, nitriMia oxid 
or eUlorolurm. 


Till, EiiiYi, ('iti.oKiu Gu'oi c or nitroa 

A of linifr-* h.i- .it liirifU'. Iniii-- Ini n trinl with tin* lii>;li fnt (iolvcnt ixuvor 

mill rnpiij action of ct)i\ l ililon.I I'lni. h.oc Im ii (oniiil more olijo'lloimlilc tlmn 
ethyl chloriil, In-i-aii-i iulnr Ic " -t.ihl. . h. oiitr..!i.il.lc, or iiilriiiiicully more ihitiffcr- 
ons. Amon^' these are itln! hr. iiml. itl.i«l<ne ii:<-hlorii|, iiniyh ii<> jiinl (iciilal, iiml 
llliiny recent ]iro]irn larv tiiixl it.' nel . oiii|h.iiii,(s, (or the mo»1 |inrt ilihitc ethyl 
chloriil jinil hrmiinl inixtiire- (i ,i ('..rlli v\illi .i'nn !■ rmis n.imc!. aiiil nns||l»-tailtiilti>l 
claims. 'I he ane'tli( ti-l 'lio.,!.! i,oi 1.. I h,,! mt.i the use of these mi\tiiref<, Imt. uwc 
only the 4 'l.illihird .tin st),, tu-s ol ihi h;:’)ii~I (uinli ohtaiiijihle. either l•ill^!ly or ill 
dciiheralely platilteil eomhin.itum or S,,|UI|,.<' .i- tin- ■ xiK’dleieS of alteNlhenin licmalltl. 

ANOCl ASSOCIATIO(t 

Introduction. S\steniiit ie elTolt h.is In eii III. ole h' ('rih' to exclllth* from 
tln'ci'iitral nei'Miiis system ol ;i |i.iiiiiii. the i.itious ;iireieiil .stimuli of feiir iiinl 
|lllill. ( rile lielleves th.it tlu-e stnuiili e\ii.in-l llie ei ll llil'ol|eIl the rapiil ilia- 
eharjif of nervous eiiei;'\ aiol llieielo |.ieilis|,o-e III slioelv lintiiio iiii'l lifter the 
opertlt ioM, alol I" po-li ijier.ll i 1 e nem .i-l hem.l. .\ set les ol meaHlire.i* til (iisilliHO 
einte tlie nerve I'ell from these iio\ioii> simmli |i;|n heen termeil liv ('rile niinri 
tissvruti Ion. 

The niethoil ile-<rves lu.litioli m ihlail liespil,- Os eoji i| ili \ i I v iillil the toxie lltri<1ltM 

etllliloj e<l, 1.. of the « lilespri .el In In Ie l.i I mllilijiii uhieh tlie aei’illilill.l I e<l flielH, 

systeliiati/.e.l proei .uni < iic lamc hvi'otli. os o( uii.iei a'soeuilion have luul oii 

moiiern surttu ,il tiihme, p irt leul.irK toM.iril ni<ii.i"mc the • Ilieu le ■, ivitli nhoh 
trciUTill allistlu-t ies are imw aillniiil'ti ri d and toward i ni|ili.isirmi,' llie iieeeHs|I\ for 
Keiith", eon.sider;ile. .siirjtie.d ni.mijiiilatjon iiiii under iihir and i hloroform iitu-iilhenia. 

Technic.- Ihe lir.st measures ,h;il with the |iieopenilive Mii}.'e. Appri;- 
hoii.sion on the juirt of tlie piitieni i- lessened Ie. the reassnrin;/ :iltitii(ln iiinl 
tho cllieienev of tlie siit'oieal iitlemlaiils I In oii:;li< uit lids period. .\ent<! fear anil 
exeitenient at the time of operation ;ire ii-.s-eiied hv ;i .small i|o!.e of nior]ihin 
(firnin fh) and .‘^•opoliinnn i"r;iin 1, IJ'*). With t'speeijiliy nervon.ii eaw'H, 
sitcli ii.s those .siitl'erini: from exophihaimie irmter. even the time of operation in 
nriknown to tlie p:itient, and tiie iine>iheiie ( nitrons oxid ) i.s atlminislered tiinler 
tlic fnii.se of inlialatioii theriipeiisis. 

Eor an<K’i-assiM“i;ition diirine tlie .seeond or ojierative perind, ("rih; f!inphiy8 
nitrous oxid a.s tlie ane.'tlietie aL'i-nt. Is-lievinfr lliat the miesthetie ttlfcel of 
nitrous oxid niorn eflieieiilly |irotiets the nervous sv-tem tlian even llut fiillftHt 
notion of ether. (Tlii.s is not .supported i»y t;eneral opinion and is iji dirextt 
divorponce from more nx-ent and earefnlty eonf rolled ohservation.) fri luldi- 
tion he eiiiplnvs II method of termimil nerve hloek liv Iinad nriesfheHia fseo 
Novocain and Intillration Aiie.stlie.sia for .Major OfK'rHtions, Itelievirig 
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that centripetal stimuli constantly bombard the nervous system, even during 
etiicient general anesthesia. 

In the third or jKtstojMjrative period, the after-pain of operation is bloeked 
by the long-eontilined local ane.sthetic effect of weak alcohol (50 per cent.), 
or quinin and urea injected into the most sensitive tissues when the wound 
is about to be closed and before general anesthesia has ceased. Thus, in 
celiotomy the peritoneal suture line is widely blocked by subperitoneal infil¬ 
tration, also the field of fascial and cutaneous siitnrc. 

The technic of the “.shockless” operation by anoci-associatiou is largely 
based on the a.ssnrnptiori that centripetal .stimuli of operative trauma continued 
under general anesthesia; that merely the consciousness of pain is removed. 
This is true only for the lighte.st grade of general anesthesia, whereas the 
deeper grades slowly indneed and fully maintained block all e.xeept the most 
vital stimuli, such as have to do primarily with blood flow, ai'ration and splanch¬ 
nic control. (For order of dfsas.soeiation by efficient general anesthetic, i. e., 
other and chloroform, sec Figure 10.) 

DHTEBENTIAI. PBES8TTBE METHODS IK ANESTHESIA 

Introduction. — For certain intrathoraeic operations it is desirable to estab¬ 
lish an atmospheric pressure within the lung greater on the avi'ragc than that 
which exists on the chest wall. Such a diffeiential pressure may bo maintained 
either by decreasing the pressure outside the Inng (negative pressure or auction 
method), or it may bo maintained by increasing the atmospheric pressure 
within the lung (positive pros.surc inethod). The purpose in c.stablishing 
differential pressure is to overcome the temh'ncy of the lung to collapse and 
betiomo immobile when the jilenral sac is opened. To overcome this tendency, 
it is necessary to maintain a differential pressure within the alveoli at least .5 
mm. (mercury column) greater than that which (*xisfs in the opened pleural 
sac. lly this pressure the elasticity of the lung is balanced and the lung re¬ 
mains in partial or full distention and follows more or less completely in a 
normal manner the movements »)f the thorax, 'riiereby, even if lioth pleural 
sacs bo opened, the normal ebb and flow of tidal air and aeration of blood con¬ 
tinue. The differential pre.s3ure maintained must not bo too great, for a 
pressure continually in c.\oes3 of 20 min. retards the return of blood and lymph 
to the thorax, and within JJ to 5 minutes a condition of shock is indneed. 

So long ns the tidal volume is adctpiate to ventilate the lungs it matters 
little in the physiological effect whether the necessary differential pressure of 
5 to 20 mm. of pressure be maintained by gentle suction from without (nega¬ 
tive pressure method) or by moderate pressure from within (positive pressure 
method), ^rtxduinically, however, the positive pressure methods have proved 
so much more simple and generally applicable, and in addition the insufflation 
methods have provided such an effective artificial ventilation of the lungs, tliat 
these methods alone are in general use. 
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H^tive Pmaore Method in the Sanerbrnch Chamber.—Ai'PAUATrs.—Tbd 
oliaiiiU'r i.s jiii air r<«iiii Imiil to \k a iH‘jiali\t* of a |miin<{ 

(»r inort*. llil.'s rmiiu uf >i/<' lo iH'coiiiiiioilato tin* 1ali!«*. 

tlio oiK'nitiiij; atafl ainl tin* ‘I'lu' altll<l^pll(■r^* of itio r<vini niav la* 

exliiuisted, umlor roiiirol of tin- aii<-. iIk-i i-.f.■ lo- a lann* rotary air piuup. 'I'lio 
air exliatistc^l is coutijuiou-ly roplaon} l>y tlio iiiilow of fro>li air tlir<tu:;li valvoa, 
wliich aro roloaM'tl aiitoiii,iti<'ail\ at a “ixi ii ]»if«.»urt'. 'I'lu* jiatioiit's laaol jxro- 
jwt.s from the i liamiHT tlirouL'Ii a tlio iiiari;iii <>f wliioli is a<ljiistal»lo l>v a 

iiiombraiio ainl a oollar siiim*lx liiiln- tlio |iatioiit‘>. luvK. 

TKClI.Mt'. 1 III' jiatioiil is aiu si In t i/»-<l lo tlio usual routiiio motlioils. At 
tliat sta"o of till' o|n>r;rtioii xxlion iliif. loiiiial |tn>siiro is ilosiroil all inj;rt>«« 
into tlic nsiiii is olostsl olT i‘xco].t tlio inilow xaKos. ami tlio risim is oxlianstoil 
by tliu air jiimip. Uy ailjiwliii;: tlio iiilbiw \.i!m‘s tlio iiitorior |irossiin* of llm 
cliamlMT may bo kojit at any iIosiiHsl .Ioltoo of o\liaiistion, nsnalU' alsiiit 111 to 
20 inm. of nopitixo prosMiro. Am slbot i/at ion may bo oarrioil on by tin* nsiial 
faoo mask inotlioils by llio aiiosfIii‘ti-t ontsido tlio room. 

4 ho only a<I\aiilaiTo ot this mi'lhoil o\or tho faoo mask mi’tliixl of positivn 
prosstirc i.s that tho ano.siholist ran nioro fns-ly ailjiot tho month ami nppor air 
tract than whoii tin’ faoi' is oovorod b\ a tiahl prosMiro mask. 'I'ho ims'haiiioiil 
ilisailvantaoos of tho niothoil aro obxion.s. in oMousivo ami oomplioatod ('ipiip' 
mcnt. It has Ih'oii almost onliroix .siipor.sodod bx )lo^lli\o ]irossnn> molliods. 

Positive Pressure by Face Mask, llx dolixorim: tin- aiiosthotio mixtnn* nn- 
Jor jirc.ssnro into a shhl'Iv tittim: faoo mask, tho nibbor hroalbinj; baf^ Ixs-oinos 
fjradnally distomlo<I ami maintains by its olasiioiix a oonsiant prosMiro nptinst 
the alveolar air. Tims vxlicn the plonra is oponod tho liiiitr d's’s not oollapHo. 
but lends to follmx' tho niovoini'iits o| ro.s|iiratioii in a normal maiinor. 

Al’PAUATf.s ,\Mi TKi'llMC ,\s siiit.diio mas),s ibo < 1 xxalbini’X, Itooth- 
by, and 'I’otor masks may bo moniioiiod. alllimn.’li any singly littim; fai’o 
ma.sk xvill >nllio«*. Masks (illotl xxilh an a>lji|s(abIo osoapo valx’o, xxliioli o|M*n.S 
and di.soharoos xx bon tho [irossuro boi-omos oM-o-si\i% aro profi-rablo; or to con 
Irol the esoapomonf. a tube inav 1 h- !od Iroin a faoo mask and disoharLM'd into 
water at a depth from .■> to |il in. bonoalli tlio siirtaoo. 'I'his imiintaitiH the 
ncee.s.snrv 10 to 20 mm. of pro.s.nr<- xxilbin tho faoo mask. 

For apparatus |o fronorato ami dolixor the am-thr'tie mixture under pres¬ 
sure, see paj:e OT. ipiantily not le.ss than liters per miiiuti* of fresh 
mixture should lx* delixeml. and pref«*rahly l.> to 2t) liUTs. I sually 10 to 20 
mm. of prc.ssiire at the face uia.sk n-siilfs ju the m-eessary averafie irierease of 
o mm. or more of pre.s,sure within tin- Iimil's. The liiiiys are kept only in ffcntlo 
distention, and tlii.s is niaiutaiiied only for sm-h jx-riod of the ojxTation as ia 
noeo-ssarv. The ilecn-e of jmsirixe pressnie is lowered exery few minutes, sinoo 
lonij-eontinued.liifih pres.siire tends to prodiiee .slnx-k. 

To en.surc an optm ujiix-r air fraet ami avoid aeeident, a pharvnt,mal broath- 
inptubo (sec Fip. 2'<) shoubl Ik> plaeeil and fhg depth of anesthesia should bo 
full and continuous, well lieyond tho vomitinp stafte. 

10 
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Positive Pressure by Pharyngeal Insufflation. —Pharyngeal insufflation is 
much more effectual than face mask methods, since the mixture is delivered not 
oauly whore it can he more freely inspired and iircssiiro more dirctly applied, 
but also the upper airway may he kept widely ojjoned. The anesthetist is 
relieved from holding a face mask in place. (See Fig. 25.) 

Positive Pressure by Intratracheal Insufflation.— I'lie most effectual method 
is the Afeltzcr method of intratracheal insulHation. Not only is positive pres¬ 
sure easily maintained, hut also an effectual artifir-ial ventilation of the lungs 
(see page 01). 'I'his is tlu; only nictliod wherchy lif(> can Ix! continued with 
both pleural sacs opened, and both lungs iinnmhile or ])artiallv collapsed. 


THE NEWER MECHANICAL METHODS OF ARTIFICIAL RESPIRATION 

Intratracheal Insufflation.- -The etlicicncv and tccliTiic of this method of 
artificial respiration have already heen cfuisidered (pag(!s ‘.U, f)2). The objec¬ 
tion to the method li(\s in tin; fact that, with alisolnte suspension of respira¬ 
tory movenu'iit, a pliasc; of lU'gativc pressure* is at im tinu’ creatc'd to assist by 
nsjjiration the ndnrn of blood and lymph to iIk? thorax. To render insulHation 
as thoroughly effective! ()n veianis (low as it is on aeration, the air current should 
ho interrupted about 4 times a minute and an inspiratory movement carried 
out hy extending the arms and lifting the short rihs, as in the Sylvester aTid 
other standard m(!thods of artificial respiration. 

Pharyngeal Insufflation.- .\ir blown into the pharynx will he carried intg 
tho lungs if tlie mouth and nos<! he held shut and tin* (*[)igiottis he raised by 
carrying tho tongue and jaw forward. 'I’iie best instrument for this method 
of artificial respiration is tlm pharyngeal tid)e of Melt/er. 'I'his tidxi is a cylin¬ 
der about 1 in. in diameter, llattene<l on the under side ami ])re.senting a large 
feuestriim at its jiroximal end. This tube is thrust against the po.sterior pliaryn- 
goal wall and obturates tlie nose and mouth. 'I’lie tongue is ])ulled out to rai.se 
tho epiglottis, and air is insiifllated by a foot ludlows or other appai'atu.s. The 
current of air is interriijited about 15 times a minute! by alti'iiiiitelv opening an 
inflow and an exhaust valve. The air flows into the lungs imder |)ressure and 
is expiretl hy the clastic recoil of the thorax. I f the stomach becomes di.stended, 
this is deflated by a small stomach tube passed through a space provided in the 
Aloltzcr cylinder. 

Pulmotor.— Tlio pulmotor is an apparatus operated by comprt'ssed oxygen 
which alternately exhausts and iiicreases pressure in a face mask for purpose of 
nrtiHcial respiration. The apparatus is started by ojiening the valve of an o.\y- 
gen cylinder. .V face mask is attached to the ajiparatns and is .securely adjusted 
to the face, the patient’s tongue having l)oen ilrawTi well forward. 

The motive power—namely, the compressed oxygen—flows from a cylinder 
through a Sjwengel pump. This juimp first sucks air from the face mask, then 
blows air into the mask, the (jiirrent being changed automatically by certain 
mechauicardevices, when a set degree of suction or of pressure is created in the 
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face mask. A full Iniik nl usuallv furiii>|u‘ii Iiu>(i\'(‘ fur iiliout 

40 uiiiiutert of res|)ii:itiuii. 

J he objcH'tions to the-ii-« :tii'; Kiirt. till' liiniteil muti\e jxiwur in the 
coiupre.'Wt'd ux_\'m'n ; s<h-i>ii. 1. tlic uumplr.vif \ uf tiu' jiuH'liani-iiii; tliird, 

the exces.xivi' (lei;ii‘<* <>1 luc'-im* .iini uf -n.-ii.-n tu nliiuli tln’ iiuH'liaiii^m iiuiv lx* 
mljusteil; fourth iiui 1 iu\\u\it hiIk m-hI in tiiu the nveraa*' iiielli 

eieuey with which the u|i]it r \ it.iii helil u|ieii in the nu\ icu'.s at 

teiuptH at re.'Useitat lull. I‘ru|t('rl\ uv< ,i it a \t i \ \ aliialile apparatus for artili 
eial re.spiration as we ll as an anl |u \cnuii-- •■iicnlalnai. 

Lung-Motor. I he “l.nna na-lur " -nh-i iiiitu- fm- tin- al«>\e, as the niolive 
ini‘ehuni.'<in in erealiiiL' pu'iii\c aiel n«:;ali\i- pn"iires in (he face mask, il 
ilouhle aetinjr pi-iun piiinp uper.iluil hx liainh ’l liii'. inutixu power is mure re 
liuhie atnl (he ilemas' ul ,-utliuii .nnl i.f pii>^iiie i- lus.s .'>l•\eI■e than with the 
pulliiotor. (hherwi.se the eeia ral ulililx ami iih'iIc u( nsc* are the sain*'. In 
neither apparatus is the -imill ainunnt .il uwuen \xhu h may h*' a<lile*l to the 
sutheieney in normal a(mu>pliere ■>( an\ m.itiiial adx antaf.'e. 

THE CONNELL ANESTHETOMETER 

Introduction. 1 lie ane-thetuimter I' .in app.ii.itiis to vapori/e esin't 
amounts of iiipii*! ether ami l■hl"|•u|u|•nl. ami to aecuratelx mi,\ ami measure 
aue.stlietie \apur.s ami lm.-*''. Ii i' ih'v* lupi'*i lium a euinmi'n’ial (jas meter. 

Til*’ apparatus a.. uri(-'iii.'ill,v il<'iaii''l i* ih' m'>sl in* nr.it* nml pnii'lii'iil wurkiim 
iiustriimi'iit .M l <l<\i'i il l"r i s n i il"s.i'..’i l'\ piilm"ii.ir\ liiirir iini of lli*- Varnnis vaiiur 

nml Kas mi\tiiri~. It h.i- m.nh (•■'•il.li iIj- si.iml.ir'ii/.ii ..if i-lliir vapor a*lniims- 

trati'in ami ul nitrons o\i(! nw to n i|o.-.(i,o i-i*' I.ilili - nml< r llii'si' snlijeel m. I lie 
einistnii'l ion jil.in <if tin onuMiial iii-Irnin. iil i- sl|,,^^|| m |•n.>n^• L*'! Tin- orn.'i 
lial inoili'l has Ink'll su|i|ii.iiiti .1 tor miron- o\i, j ..\m.'. n ikIiii nii"t rat nni lo a mt.v 
HI a nil nml t!<‘\ihle, altlioiTali sinmwli.iT I*-- a*iur.*li. iiistrniinlil. 111*' toiim'll in- 
stnntalieoiis ^:is t!ox\ ^anjzi’ (-< i I le -I) 1 "T illa r .iir .iilmimsl ral ion, lli*‘ orminni 

iii.striirm'iit, for iiso fnilsnle of hire*’ lio^ini.ils Mini i'\|n nmeiital laii*irat*iri*'s. has lii'eii 
im«lifi( <l into a smaller, more i tii-iplv .•,,ii.| ni. l.sl, mikI !■ -s ,-i,iiipl.’X desimi, eliinmatiitK 
nil unessential 'ir iMin|il*’.\ part.s, tsim'*- ilie I.liter moih-l i- imir*' j<emT;illy n*:i.'*’|itnhh!, 
it is deserihisl herein. 

Description. — Ihe .simplili**'! ain.'lhitoimter ( I'ip*. iiT ) *'fiiisihf.s of three 
asscmhlecl units: an iiir mct*-r. an *-llM’r ima'-nriiiLr unit, nml a \a[><irizi'r. 1 lie 
first unit, the air meter ( .\. I‘ly. -• ) i- t* .small eommereial *lry piH-meti:r. 
Thi.s is a nei'i'.ssarv unit. In fa*-t. !>' no *»ih*T ml■*•hanism than nn iie<*urate, 
meter can air hr* .s**nsiti\'*'l'’ measur*'*! ami a Inpini, su*'h a.s f*th**r *tr c*lil**roforni, 
bo siiuultnueou.slV and automatu'allx 1*’<I into the air eiirreiit, ami tlms tuj- 
curatelv crjrrelate*] t<i the hulk of air pa','*'*i hy the njiparafus. 

Air under lif:ht pn-s-ure from any ei-neratfir, siieh an a foot Inflhiws or 
preferably a mot«jr blower, is drivr-n fbn.ii^b tin* im-ter. This jn*>vr’H not only 
the measuring and recording nie< hani.siii, hut al.***) a nu*:hanism whicli focila 
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into each 3 1/3 litera of air any doaircd amount of liquid ether from zero to 
5.8 c. c. Thua the air may l)c imprej^iated by any vapor percentage from zero 
to 28 per cent, by volume, or better cxpresBcd as partial pressure of ether vapor 
ranging from 0 to 210 mm. 



Flu, 20 .—Th« Ankbthktumktku, Oiiuiinai. IIiwi-itai, ani> I.ahouatoiiy Mdiiki,. 1, Inflow; 2, safety 
valve; .'I, etick; 4, iiielor; ri, 0, outlet of meter; 7, vaporiitiiK ehamliiT; H. absorption disc; 
0, oloofrio heater; 10, iiianoiiieter; II, instantaiieoiia aas-llow jiautte; 12, outlet; l.'l, thermometer; 
14, loose piston of Kus-flow itauKo; 15. ether UhhI pijM's; 10, fuiietion eliiteli, 17, ether eoek; l.S, 10, 
Riui-oxyRen mixiiiji unit (ahamlonetl); 20, n'volviiiK tiise; 21, piston er.ank; 22, ether chanilxtr; 
23, clisplaoenieut piston; 24, screw spindle; 25, iilliiut cup; 20, window; 27, 28, 29, 30, 31, ratchet 
inoohanisni. 


The second unit of the apparatus (B, Fig. 27) measures out the ether 
into the third unit, tho vaporizer (C). This second unit cou-sists of sev¬ 
eral parts; first a small glass ether cup (4, Fig. 27), on which a can of ether 
may be inverted. Tho ether drips out from the can as needed into tlie d\ip 
when the level of tlie ether in the cup becomes lower than the mouth of the 
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percentage or pressure of ether vapor ranges from zero to 210 mm. Thus the 
piston may be set to tho 50 mm. gra<luation, and by charging' the ether cup 
and supplying comprcHBcd, air to the meter the apparatus automatically meas¬ 
ures 1.14 c. c. of licpiid ether into each 3.31) liters of air. The resultant output 
of vapor mixture from the apparatus contains 50 parts of ether vapor in each 
760 parts of mixture, physiologically a strength of mixture on which tho entire 
animal’kingdom may he safely held in full surgical anesthesia for many hours. 

Tho third unit ((') is the vaporizer, a thin metal double bottom on which 
is set tho foregoing unit. Tins li<piid ether from the measuring unit and tho 
air measured fn)m the meter flow through this bottom in a tortuous course. 
The surface of this channel is so devised that the metal .'lets as a radiator and 
supplies in total from the atmosphere of the room the heat nccc.ssary to evapo¬ 
rate and warm tho mixture to room temperature. I'his obviates the necessity 
for artificial electric heat. 'I'ho resultant mixt\iro finally emerges from tho 
vaporizer without material loss of heat or moisture. The mixture flows out 
through an instantaneous gas flow gauge, an aluminum piston moving in a 
vertical glass tube calibrated so that the operator may observe at any moment 
at what rate tho mixtnn! is being dcdivcTcd. 'I'lie apparatus also embodies a 
pro8.sure gauge (No. 5) and an adjustabh- safety valve (N'o. 2). 

Advantages. —'Pho desii'ability ami utility of such an instriimcnt ns will 
automatically deliver any (luantity and strength of anesthetic mixture, under 
full control of tho anesthetist, have betui suflii-icmtly set forth. 

Hy the use of such an neeurat«! in.strnment and with tho theoretical knowl¬ 
edge of tho underlying facts of ether administration, the average novice anes¬ 
thetist rapidly acquires facility in properly inducing ami maintaining a perfec¬ 
tion of anesthesia by these accurate vapor methods, which is attained in an 
empiric way only by c.xceptionally adept individuals and after years of training 
in tho cruder methods. 

ACXTIDENTS OF AKESTHESIA 

Accidents from Decomposition and Ignition of the Anesthetic Agent.—r^Zoro- 
form should not bo admini.stcred in a closed room in the presence of a naked 
flame, since the free vapor is decomposed into highly irritating fumes (phos- 
phug»)n and hydrcxdiloric acid), which arc detrimental to the patient and may 
bo overpowering to the surgieal attendants. 

Ether .should bo used with prwaution against ignition particularly from 
tho thermocautery and from sparking electric apparat\is. When the cautery 
is used in tho region of the head or neck, the ether should lx? withdrawn for a 
miniite or two prior to the use of the eautery. The expired breath highty 
charged with ether may ignite with a blue flame and burn at the lips. Fortu¬ 
nately this docs not flash back into the respiratory tract, but becomes ertin- 
guished by the cooling effect of the mucoiis membrane. Wlicn the cautery must 
be used in tho region of the mouth, chloroform is the anesthetic of choice. 
)^en the oautery is used elsewhere, care must be taken that it is not held be- 
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low the level of the table (sijieo tlie lieavv «>tlier vajHtr aittka) ami that the ctir* 
rent of other cxhulatioji from tlu* patient ia delleetisl away fr<nn the eunterv 
by a moist towel over the patient's fatv. 

' Obitraetion to Bespiration. ()t the various factors ('oiitrilnitiii); to irn*pt 
lar anesthesia atnl often leading to re>.piratorv aiul eanliiwasetilur disaster, the 
most coinnion is respiratory ohstrnelion. I his uli'lruetion is iisnallv at the 
base of the toii<iue ami in the iha-p jili.irv nx ami is iltie to ndaxation of ninseular 
support, but may Ik* at any of the followiny sites: 

A. NASAL OHSTltft'TION. 1 he ahe ot tlie nos»> may eollaps(* on iuspira' 
tion. For this the nostril may Ik- held open l>y a Is-nt hairpin or proln*. 

Obstruction may Ik* iK-easioned h\ iiisiiiiiciein-y of tlie nasal passap*. As a 
remedy, mouth hreathinjr must he instituted. If in the ]irt*liininary examina¬ 
tion any nasal ohstruetion is eviilent. it is well to impre.s.s on tlie patient the 
necessity of hreathiiii' thronoh the month •liirim,' indueiioii. With jmre nitrous 
oxid usphyxial aiu'slhesia, it is Ik*-! to have a riihher month j'lij' lK-fvviM*ij tho 
teeth as a preliminary mea'iire to indiii lii'ii. 

B. MOUTH OBSTWrcTKiN. (teea-ionallv the relaxed lijis of (*]derly iHsipIe 
and of those from vvlioin false teeth have heen leiiioveii net as a donhlc* llapjHT 
valve obstructinj; itispiralion. To hold tlie lips open and puns apart n Hitinll 
wad of pjauzc tnay he tm-hed into an ancle ol tlie nionih. 

Close set teeth eleiielied from exeiienienl or from .i.sphyxia may ohstnict 
respiration. It is ilitlicnil to niiloek these jaw.s hy a month pi;i. 'I he Ik'nI 
remcdv lies iti tin* prevention o( siieh manife.'-tations of asphyxia. 1 he ipiiekeHt 
relief is atforih*d liy passing a si/e 'JJ E. soft rnhlK-r eatln*1i*r with multiple 
lateral eyelets a distanei* ot 1 I <-m. tliioiich eai-h nostril. When tlie condition 
of acute asphvxia tnis heeii relieveil. and the- jaws lelax siillieii-ntly to ho easily 
pried open, a pliarvnceal hreathitiL''tube .'•lionhl he iiiserti-d. 

C. PIIARY.VtiKAL OMSTlil * rio\ ’I'lie l-a.-e of the toiipn* may drop into 
tho pliarvnx fniin the r<-laxation of nivi.'s-ular ni]i]ior1. 1 his is the most eorninon 
of all ohstruefions. It <-an n.-uallv Ik* met hy adjn-tint; the head iiinl jaw of tho 
patient. Tho liead mn.st nstiallv he exlemieil and throvvii slinlitiy to one side 
and the lower jaw thrn-t forward nniil ah.-enee of sfer1<ir and full movement 
of the chest wall and alxioiiu-n indieate an nii'ilislrneteil airway. ()e<*usioiially 
th^ jow must Ik: hehl forward eontiniionsiy liv the iitu'stlietist lliroitfrli ii 

tle pressure with his iiiyucrs hencalh tin- iHuly of the jaw at ulMiut tho 
bicu.spid teeth. ()ecasioiiaIIv a rather fiirei-fiil forward thrust must 1 k) 
exerci.sod hv vvell-disfriliufed pressure behind the aii^h* of the jaw, 
throwing the lower jaw info an “nmh-r.shot jKwition. I rohinge<l and 
forceful pressure ou one spot may incite a snbse<jueiit painful trutimatic 
parotitis. 

If the obstruction can Ik: cleared in no other way, the tongue must Ikj pgllod 
forward directly hy the tlmiiih and forefinger or hy u tongue elainji or traetion 
niture passed through the tongue. The tongue may Ik; sei/K;d by opening tho 
mouth and depressing the chin. On the next attempt at exjiiration thfptonguo 
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will be found to protnide and may bo seized in a piece of gauze between the 
thumb and forefinger. 

These barbarous nietliod.s of tongue traction and the forceful holding for¬ 
ward of the jaw may 1)0 obviated by the introduction of an artificial airway 
reaching from the lips into the lower pliarynx. A convenient improvised form 
is a % in. rubber tube, in. long with two lateral eyelets at the pharyngeal end. 
The Coburn breathing tube is of this pattern. A useful procedure of Bennett 
to hold the tongue foi-ward is to wrap the shaft of this breathing tube with 

fluff gauze so that it will ad¬ 
here to the ruga; of the palate 
and to the tongue. By draw¬ 
ing out the tongue it will be 
held forward and leave free 
the pharyngeal airway. The 
best device is the Connell 
breathing tube, a flattened cep- 
per tube, accurately fitting the 
curve of the palate and 
pharynx, incompressible by 
the bite of the teeth and pro¬ 
viding an abundant airway with mineral di8[)lacenient of oral structures (see 
Fig. 28). This may bo easily inserted at the first indication of obstruction 
and guarantees against many of the embarrassments of faulty airway and faulty 
administration of the anesthetic. 

1). OUHTimcTlON OK THE GLOTTIS.- -The epiglottis may fall over the aper¬ 
ture of the glottis by the same muscle relaxation which allows the tongue to fall 
back. It is rai.sed by the same maneuvers which carry forward the tongue. 

Occasionally, as the result of powerful inspiratory efforts in the course of 
asphyxial obstruction, the epiglottis will be sucked tight as a cork into the 
aperture of the glottis. ruHing forward the tip of the tongue does not relieve 
this obstruction. For relief, the base of the tongue as a whole must be car¬ 
ried forward by 2 fingers in the pharynx or by forceps which grasp the linguo- 
epiglottic fold and carry forward the whole base of tho tongue. 

During light anesthesia the glottis nury be thrown into tonic spasm by over¬ 
concentrated vapors. This passes off spontaneously, but may render the subse¬ 
quent course of etherization more stormy. 

The glottis may be obstructed by a foreign body, such as false teeth, chew¬ 
ing gum and tobacco. This should be prevented by preliminary search for 
loose foreign bodies in tho mouth. Tho treatment is by digital removal, or by 
tracheotomy in the face of impending dissolution. 

E, TRACHEAL OBSTRUCTION.- —Tho usual cause of tracheal obstruction is 
collapse of diseased tracheal walls during inspiration, or pressure of a tumor in 
the region of tho thyroiil or of the thymus gland. If pathological conditions 
ire knoj^ to exist which may cause such sudden obstruction in the course of 



Flo. ‘2H. —Thk Connki.l Piiauynokal Bukatiiino TiinE. 
A (liittciu'd iimtallin ciLsily iti.'icrU-il, fittiiiK tho 

curve of the piilnto and pharynx, not coinpro.H.sihh' hy 
tho bite of the teeth, and providiiiK an abundantly freo 
airway into thu lower pliurynx 
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anesthesia, this disaster may Ih‘ forestalled hy the intrutnieht'a! iiisniflntlota 
method of aiie.stlie>ia. (Mott^u-tioii oiiee develi'[i,-,| nuist Ih> j>rt)m|tlly relievini 
by passing n Inrjje urethral cathcier. e I'",, or other tuln* l>v wav of the 
larynx or throiii;li a trafheoti>iii\ wound, well |i.i>t tlie oh-tnielioii. Stiddeiily 
develo|K*d obstriieliv«* a'|ih\\i.i lioni mi enl.u-ed th^llln^ and from thoraeie 
poiter may Ixj thus reliiweil. Ihanno-i-. i-. iii;:','\iii iiiile>s the patholojjieal eoii- 
dition 1)0 siisj»eet«'d belon' aTu-vfhe'ia. I he alMoe ii!e;t>iirt‘ for indief of ohslrue 
tion slionld h<‘ employed when aeiiie oli'ti tieiive a»]ihv \ia lias not yielded to tin* 
opeiiiiJfr of the upper nirwa\, and de.i'h i- illlpen.llllu^ 

F. BltONC'III.\L t)Hs'ri;r<''ri<)\ | he lin<i hronehi l«'eonu* ohsfrueted by 

iriucns and vomitn.s. ()\er'-eereiion o| nnieu's i- the more eoninton and results 
from coneeutrated and irrit.ilin,' \apoi-. ji.ntienl.irU fiom rapid and irre<j;uhir 
iudiietioii and irregular mainlenanei' of vni liehl ane-thesia. I he eomlitioti 
is indicated by rattlini; and moi,i tales and 'le.hi < \.iMosis, 

TiiK i-;.\r.- nroiiehial olot met ion 'laaiM lie a\oi led hv smooth indue- 
tion and full, eoutimimis anesthesia. Kveess of mueiis ni.i^ he lelieviii hy low- 
eriuj; the luaul of the table and h\ allow iiiL^ tlie i«at nm to einer['i- from ain'Hthe.sia 
until eoiitihiiif' clears the ohsii iielion. Ileeni il‘lll•e is |iie\enled hy full aneS' 
tlicsia or hy hyjiodcrinie administialion o| .itroj'iii. eiaiii 1, loo. 

lusfiiration of vomiliis is another l.ietor m oh.inietloo. It may he oloialed, 
first, hy auestheli/iiiL' only when the siomaidi i- empiv ; seioml. hy full eoii- 
tiuuous aiKvthcsia ; third, h\ the proper uiame eji.ei i of the head when vomit 
iiif? (K’eiir.s, i. e., tnruiiiir tin' In-ad to one si,)|. .duI allow iw; the proptilsivo 
meehatii.sni of voinitiiiLT and <'on‘.diin'j' to e\aeii.ite the month iiinl pharynx 
Ix’fore the am’sthefie is aLtain re.siMned. I Iw oh timOe NiMiilina <d inte.stinal 
ohslruetioii i.s to he relieved diiiiiii; the opei.ition hy npeated iavaye. 

Vomiting, Irritahilitv of tin- vonntnej eentiT is pin sjolo^leal at a eertaiu 
level in tlie siilx'on.seions/one «d eeni'ral ane'lhe-ia. At this level the \oniilit|o 
center i.s timler^oiui^ disas^oeialion or n'ass,M-|;*t ion. II tin* iiiduetiou of am 
esthesia i.s .sunHith and <'outiinions the vomiinrj <■( ntiT iisiiallv heeomes iities- 
thetizeil without excitation. I f lhe ain-st In t!<■ i« ineaiilarlv ailministered nr the 
intake of the ane.stliefie is di'Ia'ed h\ hre.ith holding or hv simill tidal volnino, 
as when ahdomeii is riLri'i. then vomiliiiir more eommoni' enhiies. \ omiting 
docs not oeenr in the .stai'e of full .'ur^ical am -tin sia. 

stage of rc'eov’erv ,snlK'<iiiseioiis voiiiitiiiw t*> tin* I'Xli'iil of slight retch" 
ing frequently ixteurs in all general anesthesias. After thi.s the patient lapses 
again into sleep. 

Vomiting in the progrer^s of aniT-tln-sia is jn<l;;ed to Ixi impending when 
on light do.sage of the agent anestlie-ia -is-ms Huddenly 1.. deeix-n. the pulse 
diminishes in volume, the skin grows jiale. and im'rea-ed laeriinatinn apj'K'arS. 
The most reliable sign is a Iniii: in'[iirafi<in h.lh.wed hy a pause, a moment 
after which, if the ane.stlietie lx; imt imimdiately in.-ren-ed, vomiting may l)0 

expected. 

TBEATMENT.—Vomiting nmy frequently lx* inhibited wh«'ti threatening, by 
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rapidly and repeatedly stimulating the pupillary light reflex by opening and 
closing the eyelid a dozen times or more. It may also be inhibited by chafing 
the face, by rubbing the lips, by administering a strong whiff of fresh cold ether 
vapor, or by a light tap over the epigastrium. 

When vomiting occurs tho face mask should bo removed, the head turned to 
one side, and tho* moutli allowed to open. Tho anesthetic should not be resumed 
until the act lias been completed and tho pharynx sponged out, or emptied by 
coughing. The first subsecinent deep inhalations are assisted by dragging the 
jaw forward. Eepeatod vomiting, as during anesthesia for operation on in¬ 
testinal okstruction, should bo relieved by gastric lavage. 

Pulmonary Edema.—I’ulmonary edema may result from cardiac decom¬ 
pensation (xjcasioned by anesthesia and tho shock of tho surgical procedure. It 
has also been occasioned during anesthesia by flooding tho cardiova.scular sys¬ 
tem with an c.xcc.ssivc quantity of saline infusion. 

Tho symptoms are those of circulatory depression, a palo cyanotic color, the 
exhalation of watery and frothy material from tho month in large quantity, 
and an abnndanco of moist rules. 

TREATMENT.—Aside from tho usual intravenous opinephrin and strychnin 
stimulation and tho depiction of venous engorgement by phlebotomy when indi¬ 
cated, tho most effectual treatment is that of llonnett. Bennett injects into tho 
rectum 2 ounces of concentrated solution of magnesium sulphate. This is fol¬ 
lowed in favorable eases, within 10 minutes, by marked diminution or relief of 
tho pulraouavy edema. 

Beipiratory Failure.—ETIOLOGY.—The most common cause of respiratory 
failure is acute or chronic asphyxia of the respiratory center with consequent 
suspension of its autoiuaticity. Acute asphyxia ns a cause is commonly re¬ 
sultant from complete obstruction in tho upper airway during the stage of in¬ 
duction. (ffironic asphyxia as a cause is resultant from partial obstruction pro¬ 
longed over the course of anesthesia, or from persistent rebreathing and oxygen 
starvation. Both forms are most commonly seen in nitrous oxid and in ether 
anesthesia and are usually duo to blunders of an iTieompctent anesthetist. 

A less common cause of respiratory failure is overdosage of anesthetic. 
This may be a sudden large dose or prolonged gradual overdosage. 

To the third group of etiological factors belongs tho toxemia of disease. 
This is rarely a primary, but usually an accessory, factor to the depression of 
asphyxia and overdosage of anesthetic. 

SYMPTOMS.—In acute respiratory failure usually after a period of violent 
muscular effort at respiratory movement these efforts suddenly cease. The 
patient meanwhile turns bluish and then livid, jactitation of asphyxia appears, 
the eyes open and bulge, the pupil dilates, the blood pressure first rises and the 
pulse slows, then Ix'comes rapid and irregular with sharp fall of blood pressura 
This form is seen several times a year in any large hospital training novice an¬ 
esthetists and usually results from obstruction, less commonly from spasm, 
and least commonly from acute overdosage of anesthetic. 
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In the chronic form of of tin* rosjilratory center the ronpiri- 

tion grows more shallow and irroirular. toiidinc toward the ('hoyno Stokes ty|»o 
of rhythm. * Iho color iKH-oims jialc with proiioiuiccd cyaiiolio linux*. Hie heart 
action becomes nioro lajiid, tin- MimkI |tre>.snre fall». and liiialh the n'sjnralioti 
stops. This is far more siM'ions Iroin ilu* >laiid|Hiinl of rt*sii.seitatii>ii than an 
acute form of failure. 

TllEATMKNT OK KAIl.rUK KltOM At'fTi: (msTUI iTIttN*. If ohslriiction Iks 
rolieveil or the ancsthetii" Is* witlidrawn the eoiidiiion ii>iially rights itself 
oiitomatieully, probnldv from enmnlalixe larlw.n diovid !*timiiralioii of the ros- 
pirntory center. A si/i* ~'J 1'’. eatln-ier i< I'a^ed iliniiii>h eaeh nostril a dislaneo 
of 12 to 14 cm. If this iloes not reliexc the a'lihvxia the month must U,i prioil 
Qpen and the Inisc of the loiiL'iie and eirmlotii-i 4'arried forward hy 2 fingtira 
dow’n the throat, and arlitieial re'|iirati<>n in>litnt4‘d. The crisis arising from 
Hiieh obstnietioii is iisnally [las'ed within f>ii Ms-ond-. 

TREATMENT OK KAll.fKH KltOM Al l TK. (U KltOnSMiK. Kroni aeille over- 
dosngc of anesthetic recovery i-. more yrailnal and thi' res]iiralion must, 1 k« ear- 
riod on hy artilieiiil means someiinn's loi a I'crloii nf in or lo minutes Is'foro 
autoniatieitv of respiration is re<'slahli-.lied. It in addilio?i llie eiri*nlalorv 
center has been asplivxiated or inlo\ieate<|, measures tlireeled as in eai'diae fail* 
nro imi.st lx- institnted. 

TREATME.NT OK KAIM UK KIIOM i lllltiMi' nliSTltl i TK)N. h'or the slow 
and chronic fvjje of respiratory lailnre the he.'i mea-nre, as witli tlu' aentt* ty)K*, 
is preventive, in kc<*piiig the airvvav open and relieving' the respiratory cmiter 
from overwork in the earlv stages of anesthef.ia. 1 lie same treatment mnst Isi 
instituted as with acute a'phy.Nia. namelv. op< niiiii >d’ the iijtper airway, with¬ 
drawal of anesthetie, and iiisliinlion ol artilieial re>piration. I he most i-lTi-c- 
live means of artifii'ial respiration is h\ ]ntralra<’heal insnilhition of air or 
oxvgcn mixture, using ahont l'o liters of air per miniiti- and interriiptiiig the 
current about I.'j times a miivate. 

The preseiiee, ot earhoii dioxid iiji to in per •■enl. in the air acts as a marked 
stimiilu-s in starting the respiratory center. 

Cardiac Failure. _K'rKii.<ii*v. l*redi'-p'*‘'ition toeardiae failure nuiv Isidue 

to fatty and other degenerative myoi'iinlial ehanges. I he inlo.xieation of dis¬ 
ease, sneh as .sep.sis and uremia, and paiholoaieal stati-s, jirominently Hlnliut 
are eontrilaitiiig factors. 

The exciting ean.ses are: tir«f, nervous inliihition; and. seeoml. intoxication 
of the muscle hy the anesthetic agent. Krom nervotis inliihition, even before 
the anesthetic i.s inbaie.l, the patient may .li.- from j.syehie sh.s-k. Similarly 
sudden arrest of the heart from nervous inliihition iii.-iv Is; indiiwil early in 
chloroform and in ethyl chlorid anestlie-^ia hy the irritation of t/xi strong anes¬ 
thetic vapors and hy the psyeliic iiitliieiie.- of trauma, sneh as tin, movement of 
a painful joint, when the patient is imf siitlieienf ly anesthetiml. The heart 
may also be stoppcil early in ehloroform and in ethyl cldorid 'inesthcsin by 
actual overdosage of ane.stliclic. lliis eominonly is-eiirs hy inhaling concen* 
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tratod vapors during a period of excited breathing. Thus a wave of toxic 
blood passes to the left heart and overwhelms the heart muscle, even before the 
nervous,system i.H alFectod. Ether, being leas toxic to heart muscle and requiring 
much higher concentration, practically never causes this sudden cardiac death. 
Cardiac failure from gradual overdosage is rarely seen, even in chloroform 
anesthesia, since the signs of gradually deepening anesthesia and falling blood 
pressure serve as a warning. In ether anesthesia the respiratory center fails 
so long Ixjfore the heart that arrest follows respiratory failure only when the 
resultant asphyxia is unrolievo<l. 

PUOl’JlYLA.NIS.- (Ihloroforin and ethyl chlorid should especially be avoided 
in the lymphoid conditions of childhood, also where adult status lymphaticus is 
8usj)ected, or degenerative or toxic changes of the heart arc present. 

THKATMIONT.— After sudden st.oj)page by nervous inhibition the heart beat 
may again become active, either spontaneously or by external stimulation, as 
by pressing with a hot towed about (‘>0 times per minute over the precordia. 
From cessation of luairt beat by acute chloroform intoxication the heart is only 
to be resuscitated by massaging tho toxic blood out of the heart muscle and 
cavities, 'rims in intra-abdoniinal operations the Inairt has been resuscitated 
by transdiaphragniatic massage .several minutes after rhythmical motion had 
coa.scd. This method, as well as transpleural perioardotomy for purpose of 
cardiac massage, may be practiced with some slight hope of resuscitation up to 
12 minutes after dcaith. The tisual drug stimulants arc of no avail in cardiac 
failure, since circulation has ecaised. As shown by Afedtzer, electric stim¬ 
ulation by weak faradic current at the auriculoventricular sinus is the most 
effective stimulus in resuscitating the heart. 

A method of retrograde arterial dosage with epinephrin has been suggested 
by Lieb. The radical artery is exposed and divided and the proximal end can- 
milized, as for intravenous infusion. Normal saline, 500 to 1,000 c. c., is in- 
jectctl into the artery uinku' a head of 4 feet of gravity. When the flow is well 
established 10 ininiins of epinephrin solution 1:1,000 is administered by slowly 
injecting it by hypodennic syringe throtigh tho wall of the infusion tubing. 
This dose is repeated 4 or 5 times during the infusion in the hope that 
the epinej)hriu saline solution may back up and out into the coronary 
artery, and thus stimulate the heart muscle to again resume rhythmical con¬ 
traction. 

For failure of gradual onset the anesthetic, if excessive in dosage, must be 
diminished and an abundance of air supplied and the usual cardiovascular 
stinndauts employed. 

Surgical Shock.—Tho obscure condition known as surgical shock, char¬ 
acterized by a persistent fall in blood pressure, by accumulation of blood in the 
splanchnic area, and by lowering of all body functional activity, may arise as 
one of tho complications of anesthesia. 

ETIOLOGY. —Predisposing to this condition is any depiction of body activity 
such as exhaustion from pain or from disease. The e.xciting causes from the 
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surgeons side are: first, iiiadiNpiutt* pn^paralinn i‘f ilu* putiiMil phvsioallv luid 
uorvously for the ojH'rutiiMi in liaini; stvomi, h'ltiiif;: lliirtl. ex¬ 

cessive surgical trnuina, partimlarlx hv rinii;li inanipiilaiion of gn-al joints, 
of periosteum, of poritoiu'uin. and ol pliaira. ai'<| hv trarfion on vis<H*rn, csjhv 
cially in the spluiichnic area. 1-rom (he aiu-^dieiwi’- ^i(!c tlu" cx<'ilini' (’anw*s 
arc.’ first, too light a degree <it aiu'^llie'ia <liiriiie the forei^oini,'' severe ^llrl;lenl 
manipulations; second, ioimcontiniiol strain <iit the r.«piralor\ apparatus h\ 
partial respiratorv ohstrtietion; thii.l. eliilhne; ii.mih. a ha<l pci-ilion of tin* 
patient during anesthesia, siah as the hiali mveited (..r rreiuleleidairiri posi¬ 
tion, or the sitting jxistnre; iilth. i'oii1iiiiioii--l\ inainlaiiied ini ralhoraeie pn*s- 
surc in excess <»f lo to Jtt imn. 

TRBJATMliNT.--Measures to Ik- elTe. tive inii'l lie not s,i mueh in Ireatnienl 


as in prevention of sh(K-k. since vvlu-n the 'lux K i- tnllv developed aoiive treat 
nicnt is of little avail. M.vternal heat ^hou!d !«■ .nipiieil hv hot hlaiiuets ainl 
hot-water bags, d'he various a<IverM- oc etcloon al i.h Ioi •. -houlil he so inodilied 
as to he no lotiger operative*. 'I’Ih' hodv >hoiilil he hon/ontallv. tin* head sliglilly 
lowered. 

The only drng.s of jvroved value are .-.trv clniiii .ind i pitiepliiin adiMinisteri*il 
intravenously, strveliniu in ilo^atte up to I Ji> ai.nn. and I'piiieitlii in sotniion 
in devsngc of 10 to "O niinini'. I'.pinoplinn i- h<-t .ohiMiii-ic red with .’><»• to 
1,000 c. c. of saline hy intraveiion.s inlu'nei. mje, iiir/ the di iii; eiadiiaHy as it 
is needed hv hvpoderinie s_vriii“e into the inhher tuhe vUiii'h iho »alin<* 

infusion. When heniorrhage lia-* lucn the |iiiini|i.il l.ieior in the ean-atioii of 


sluKtk a large infusion <d’ nornial .•-aline u|( to e. c slioiild Is* adminisO'red, 

or hOO to 1,000 e. e. (d'lu'te'roloooii-hlood ei.iv Is-l lan-lu-ed. .\rlilteial respira- 
tion hv the Svlv(*xler nietli"d, .-o a> to •ihtain a pninping eth i-l on tin- lilood 
sinuses, iiiav lx* cinploye'd vvla re* re'jiirati-'ii i-- nni>-li d<'|>ie->ed. W Im’ii tin* state* 
of aiiesthe.sia begins to liglite'ii. the* ii.-rvon- sv-h-ni -l...uld he* hhnt1.*d t*. psvhie* 
impressions aiiel .sensations ol pain hy a nitoli rate- do^- ol niot|iIiin. lleivve*ve*t, 
this drug iiuist be nsexl vvitli e*aulioii. sin.-.- it is an niid.-irahl.* el.*pr.*«s)int <»f 
rc.spiration when sh.x-k is a.-ute*. An .•tTe-.-live- r.-spi.alorv sliniulant is .-arlxm 
dioxid a.lministereel hy iid.alali..n. 1 voluni.- to In of air ..r oxyge-n. 'I'hls nls.. 
tends to relieve the v(*iie>ns eeing<-'fi"n pre--e-iil in .siirei'-ai .sho>k. 

Nerve Lesions. - During aiie-stlie-sia varion.< iie-rve-s may he- .•onil»r<-ssed e>r 
atretehod, with .suh.se*<i.n*nt ane*slh.-sia -r paiah-i^. '11..- nmsl .-ommon lesion ih 
wrist drop. This mvurs fre.m .-oinpre-.^i.m of ll,.* mnsmdo-inral n.-rve m the 
middle third of the arm hv allowing the* mi.idl.- ihir.l ..f the hunie-nis \n hang 
against the edge of the tai-le. A h*x. cninmn paralysis is the* fl.-xor imlsy of 
the forearm from ce>nfinn.)ii.s .stre-te-hiiiL^ of the- m-dian and iilnar nerve in the 
axilla by hyperexten.Ung the arm alx.v.* the head .luring ari.*slhesia. 

PROPHYLAXIS. _’I'lie* ane-the*f i*-! -lioiild lx- ever vvatelifnl lest the arm hang 

over or be dropped sbarplv against the e.lg.* of the fable. The hyperextendoel 
position of the arms shonl.l never lx* indneed. The amis preferably are ad¬ 
ducted at the sides, forearm extended parallel to the axis of the Ixxly, arnl are 



142 


SURGICAL ANESTHESIA 


folded into a sheet or other band passing beneath the patient. A common posi¬ 
tion, loss desirable because of restriction to respiratory movement, is with the 
forearms folded across the chest, the sleeves pinned together at the wrists. 

With a patient in tlie lateral p<wture the arm should not lie directly be¬ 
neath him. In this position care slunild also he taken that no edge of furniture 
Or apparatus presses against the external popliteal nerve where it lies super¬ 
ficially below the head of the fibula. 
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F. Fm:i; 

To prepare a patient for operation various faetois nnwl Ik- .-oiiKi.iere.l, nneli 
as the afie, sex, mental eomlition. tlie ptix^. al state „( il,e various orpins, iind, 
lastly, the part to he o[ierateil iijion. ‘I lie preparation it-elf hiiK two Kides, ii 
mental and a physical, ainl its olijeet is lo hrini; the jiatieni to llie operatinjr 
table in as nearly a normal eondition in eai-h respect as nia\‘ Is- possihle. 

From a anporficial point of view the less mental preparation we have the 
better, but a certain amount of it is a necessai v e\il e\ee]>t in tlie mentally 
inconipctont, such as <*lii(dren, iiliots, and the nnconseions. Worrv and fear 
UlK|UOfltional)ly sap the vital powers of resistance to sIi.h-I, and infi-elion, while 
the smooth convalescence of the emergency case is proverbial. However, it must 
lie kept in niiiid that la-ri-, as in eliildreti. we ate dealim.' with a hs-al h-Hioii in 
tissues otherwi.so presnmahly sound. When eondiiions are not so favornhlo 
unpleasant sotitiels arc only too eommon. 

A frank tliscn.ssion of the i-ase ean <lo no harm and. indeisl, Ik m-eeKsiirv in 
order to obtain a lepil e<msent, based npiin a reasonalde deyree of knowledp-, 
I'carfnl de.scriptioii,K of operatita- details mu'i he a\oided, hot then- slioiihl la- a 
clear, thotiph brief, .stfitenienl of what is to Ik- <|one, ;.>i\int: the advinitap'H and 
the disadvantafres of tin- opi-ialion and eomparina it- ihimrers with the diintrcrs 
or discomforts of the diseasc-d eondition. The statement that an operation it 
without danger should never be made, as it is not trie. Kven the pulling of a 
tooth has resulted fatally more llian onee. However, one may honestly say tliat 
the danger is very slight, or n-molc in tin- average r-a.-a-, and is far outweighed 
by the benefits to be attained. 

Aside from this one m-ecssary di.s.'us-ion all reference to opi-ration shonhi bo 
studiously avoided aud tlu; iilnm^jilicrc and cnviromiicnt of thn patient should 
ho kept as cheerful, diverting, and i-neon racing as possible. In jiarticnlar, dole¬ 
ful friends and relatives, with grnc.somi- tales of other ofM-ralions of a similar 
kind and always with an nnfavorahle or fatal ending, must lie excliideA 

Once an operation has Is-en detennined ujion notliiiig is to lie gained by 
delay unless the physical or mental slate of the patient ean surely l»c improved 
thereby. In many condition.s, however, ri|K;rations which arc not urgently indi- 
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cated would best be postponed until CA’cry resource of medical treatment baa, 
been exhausted to brinj' impaired tissues or organs back to normal or as near 
normal as may bo possible in the given conditions. Obesity, arterio-sclerosis, 
and high blood pressure, cardiac and renal «lisense, intestinal toxemia, acidosis, 
Ituberculosis, syphilis, etc., are strong contra-indications to all but the most im¬ 
perative operations. Miudi may be accomplishctl, however, by intelligent medi¬ 
cal supervision tcjward nmdering a bad operative risk a relatively good one. 
jCarcfully rognlaUid massage, bathing, gradnatol exorcises, dieting, and, above 
|all, copious water drinking, wdll accomplish wonders in properly .selected cases. 
Of drugs, the tonics, cathartics, and the arterial dilators are the mo.st useful. 
Specific treatment for such diseas(!s as syphilis and malaria must not bo for¬ 
gotten, nor iron for anemia. All of these measures not only render the opera¬ 
tion safer, but make tho convale.scence smoother and far pleasanter for the 
patient. 

If an operation must he done in a region or in ti.ssnes paitially devitalized 
by trauma or disease, and is not urge?itly imlicattid, it is tho part of wisdom to 
wait for reaction to .set in, if such may reasonably be expected to occur. Simi¬ 
larly, if tho skin of the o|terativ(^ fi(‘ld is abnormal, particularly if eczema or 
any inflammatory condition is prc.scmt, every effort must be made to euro the 
disease before op(U’atiou. No amount of pre|mriition ean possibly obviate the 
danger of an established infecilioiis proce.ss. 

The preliminary preparation of the patient consists in making every effort 
to render him in mind and body as nearly normal as may be under tho circum¬ 
stances. It is only by such efforts that (Krasional disasters may be, avoided and 
tho final, as well as the immediate, operative result he made tho best attainable. 

The days jireci'ding an operation should, so far as possible', be ones of rest, 
relaxation, and diversion, and the latter should be of the simplest nature. Ex¬ 
orcise must bo moderate, and nothing should be allowed to fiitigue the Iwdy or 
mind. Uusiness worries and hoiisi'liold cares are es])ccially to be avoided. 

Tho immediate jihysical preparation of tlie i>atient consists in the care of 
tho alimentary tract, tho re.s])iratory tract, the genito-nrinary tract, and the 
skin. Clcanlincs.s, simplicity, and safety are the main indications to be met. 
To begin with tho alimentary tract, the first ]>art to reiinire attention is the 
mouth, including those ever-ready sources of infection, the teeth, the tonsils, 
and tho pharynx. When time permits, too much attention cannot Iw? given to 
these structures, especially if the operation is to be ujiou any part of the ali¬ 
mentary or respiratory tracts, (’arious teeth should be filled or removed,, de¬ 
posits of tartar cleaned out, and any pyorrhea treated as effectually as possible. 

Next in importance to the teeth, the tonsils ought to lie examined, the crypts 
cloauotl of any plugs, chrouie abscesses opeuod, and, if infection still persists, 
the tonsils should lie enucleated us a preliminary to the main operation. The 
pharynx also is to bo iusptxited and any acute or chronic affection must receive 
appropriate treatment, consisting of mild gargles, douches, or applications of 
astringents, such as 10 per cent, silver nitrate solution. An excellent wash^for 
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the raoiitli and throat is tlio jK'roxid liydro^Mi. om^half slronj^h, with the ' 
addition of a little lime watiT. If tlii> f.iilowiHl l»y a one jxt cviit. watery 
solution of tliMiiol, or a satiirated solution of Imrie arid, suriiieal eleaidincaa 
will be approximated as nearlv as may 1 h‘. 

Tho nose and its aeeessury ^iiui>es. the iia'opharN nx, tlie larynx, trachea, 
and bronchi, are prolilie sources ot ]<o>toperiiine troiililt'. esjMH’iallv when iij- 
halation anesthesia is Useil. 1 In- tlioronah u-e of au oil sprav, sueli as allsilenn, 
containing 1 percent. tli_\moI nr menthol, will remler the* disehargi's somewhat 
less infectious. Any <jf tlu' mon- M-rions legions >honhl Ik> pul in charge of 
a specialist. 

The preparation of tin* aliiiuiiiary tra<t prt'per is eotnparalively simple. 
The diet up to tho day ol oper.iiion ..honhl he light, nnlrilions, and easily 
digested, leaving slight Te.'ulue. It the oporatioii is to hi' upon tin' stonnieh or 
bowel the food and drink may well he s|(.iili/,.<i. with the addition of hnttermilk 
or some one of tlie hielic aciil hacilli preparations. .None of the numerous 
intestinal anti.scptie.s is ol aiiv value, tmfort'inalels. ,\sido from this simple 
regulation of the diet, the only precaution ncce'"!iry is agaiii.sl inlc'slinnl stasis. 
For this a siinjile laxtitive is all tliat i- reipiired. or, at most, ti mild purge, such 
as dn ounce of castor oil. This should he admiiiisIcTcd on the nit-ht preceding 
operation and in the moriiim.' a low i nema of a ipnirl of soaiisnds i.s given, fol¬ 
lowed, if needed, h\ an irrii.'al ion of jilaiii warm water. The latter is espeeiall.V 
indicated in operations on the rectum tind \airina. I'Iicm' simple mettsnres are 
enough. The days of prolonged f.isting. violent piirL'^ing, and re|M'!iled exliaust 
ing cneimis are, lnip|iil'. over. I lie patient should have tit letist two hours’ rest 
before the anesth<‘lii' i' admini'ien d. In emergency cases it is better to omit 
the enema than to bring an exhausted patient with a half emptied bowel npoa 
the table. The process is only too sure to be completed on the table, to the dii* 
comfltnre of everyone concerned. 

The evening mciil on tlic da% preceding operation should eiinsiHt of a mod¬ 
erate allowanec; of toast, cocoji, a chop .ir poachc'd egtr, or tiny oth(*r similar fo(Kl 
of an easily digested natnre. In the nlorninL^ if the operation is to he during 
the forenoon, iiothimr hnl it enp of coifi e w ithoiit milk or sugar is allowed. For 
an afternoon oper:itioii cofTi-c. a roll or toa.st. and a sofidsnled egg may bo given, 
but no food is to he taken witliiti -ix Innirs of operation. The drinking of water 
in small (juantitics frci|neiitly repealed uji to within a half hour of tho admin¬ 
istration of tlie anesthetic is an excellent thing. It allays nervous excitement, 
flushes the kidneys, and fends to i.reveiit ojicralive shock. 

No hvpnotie or serl.itive drim'^s. .such as chloral, the hroinids or inorphin, 
should lx; given without the eoiis<-nt or expressed wish of the anesthetist. Cer¬ 
tain,conditions, great re-tlessiie.;,s and nervous exeitahility, for example, require 
their exhibition, hut in general they are mneh Ix-ttor oniittorl. 

The preparation of tlie genilo-nrinarv traet is in general very simple. The 
kidnevs should he flushed hy eopions water drinking and the bladder emptied 
just before operation, ('iitheterization is neerled only if retention exists. If 
■>1 
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any part of the urinary tract is infected, or if the operative attack is to be upon 
or near it, urinary antiseptics should be administered. The best are salol and 
urotropin, either of which may be given in 0.3 gm. (5 gr.) doses every four 
hours, or in much larger doses if deemed necessary. It must be remembered, 
however, that urotropin is of no value in alkaline urine. In addition to the 
.above, the bladder and urethra, and, in the female, the vagina, should be irri¬ 
gated at least every four hours with warm saline or saturated boric acid solution. 

In emergency oases if food has been eaten within six hours, in vomiting oases 
especially if the vomitus be of a fecal nature, and in cases of suspected gastric 
stasis or dilatation, the stomach should be washed out until the return is absolutely 
clear. The omission of this simple precaution has cost many lives. Warm water 
or a weak solution of the bicarbonate of soda should be used. 

Preparation of the skin has l)oon the great stumbling block of surgical 
technic over since the early days of l.isterism. Practically every other detail 
in the aseptic technic can be absolutely relied upon, as instruments, gloves, 
sutures, and gauze can bo boiled or sterilize*! by live steam under pressure, but 
as yet no way has been found to render the skin aseptic. Peginuing with phenol, 
there has been a constant search for more and more powerful antiseptics and 
germicides, each new discovery being .seized U])on and e.xploitcd as the perfect 
antiseptic, only to Ikj discarded in a few years at the most as too irritating to 
living tissues or as lacking in gennici<lal properties. The late.st of these is 
iodin, now in almost universal use, and considered the acme of perfection of the 
antiseptfe technic. Only a few of the more eotiservative surgeons have held 
aloof or, having given the iodin technic a nion; or less extensive trial, have 
returned to one of the older forms of preparation. Here and there, also, are 
mo^t signs of dissatisfaction and tho reaching out after something newer and 
better. 

It is an obvious fact that skin sterilization must depend upon two factors, 
mechanical cleansing and chomical disinfection, as thermal sterilization is out 
of tho question. Moreover, tho amount of iiu'cliauical eleansing which tho skin 
can l)eur without iiijurv is <leci(ledly limited. This, however, is no excuse for 
its omission, hceuuse imdouhtedly, within its limitations, it is of great value. It 
is one of the great faults of the iodin technic that this important factor can¬ 
not bo efficiently used. 

Since, then, thermal disinfection of the skin is impossible and mechanical 
cleansing, although important and useful, is limited in its applicability, our 
main resource must bo chemical disitifcction. Unfortunately, our knowledge 
of tho action of the various antiseptic and gcmiitddnl drugs on living tis.sues is 
very limited. The inhibition of the growth of the ordinary pathogenic bacteria 
in test tnlio media is a very simple thing, as the innumerable present-day anti¬ 
septics pijovo. The killing of these same bacteria, however, is a very different 
matter and is not so easy, even in fluid media. TVianv of the most highly 
vaunted antiseptics have little or no germicidal power and a number of patho- 
genio bacteria are highly resistant to the strongest of the germicides. It is self- 
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evident, then, that in living tissues which are themselves extremely susueptiblo 
to the irritant action of all the chemical sji'rmieidi's aiul whosi* vital resiatancx! 
must be preserved at any e(»st, the action <»t any aiitis<'ptic (>r p>rmicide in a 
concentration computihlc with tin* lite ami (uiu-tiou of the tiss\ies is very 
problematical. 1 udoiihtedly. the jtyojieuic organisms on tlic surface of the 
skin can bo killed by tlu' more po\v(*rtul i;eritiicidi*s, such as iocliu, alcohol, and 
the bichlorid of meremry, while thoM- iu the ii|i|icr Ia\ers of llu* I'pidcrmis can 
be temporarily iuhibiteil, iluriuc tlu' time in whidi the chemical is still preaemt, 
but the deeper layers of the skin, to say uoihiim of the nmlerlyiu^ lissiios, are 
entirely unaffected. 

An aseptic skin is unattaiiiahle by any means at present known, and what 
is true of the skin is even more true of mucous mcmhi'aui's with tliidr inftvtion- 
harboring folds and ervpts. It may be taken for granted that rdl wound* ar« 
infected and that the only reason so-called aseptic wound healing occurs is that 
the tissues are able to overcome a certain amount of infection and that healing 
takes place in spite of this infection. rmpiotiouahly tin* un>at majority of 
surgical wounds would heal without grovs infection if the .skin rcceiveil no 
preparation at all o.xccjtt simple cicMiilincss. provitlcd the tissm's were reason¬ 
ably sound, that oidy asejitie, materials w«‘i<‘ intnulnced. the wound was dry 
and free from dcvitali/.ecl tisMie, and that tin stitiires wen- not ilrawn t<M) 
tightly. The akin tc'chnie is only one. am! tio| the most important oni’, of the 
many factors cnteritig info wmitid healing. This alone makt*s tin* relative value 
of the variou.s .skin technics e.\fnMnel\ hard to judge. The heat elini(*H iu 
this country report from 1 to .'1 jier cent, of infections in tl»' hocalleil cl(*au 
cases, regardless of the technie emplo\ed, and. allhoiigli most, of lliest) iiro 
of minor comscciuema*, their oceurrence is not therehy justilied. 

A number of more common nu'thod^ ol prcpariiiL: the .skin will la* (‘iininor- 
ated below, but the following precaution applies to them all: I to not ])la(3i3 
implicit relinnee on any .skin l<-chnic. l.iit )(rotccl the underlying tissnes and 
tlio viscera from any contac.t with the skin or anything which has t«juc.hed it. 


QENEBAL DIRECTIONS 

Unless special eontra-indi<’atioiis exist, a i)rolong(!d warm bath should be 
taken the evening Ix’fore operation, using i)lcnty of soap and scrubbing the 
operative field with a coarse wash-elotli or jiirn-o of gauze. Luther and shave if 
necessary. This latter cannot Ik? done with too great care, as cnrclcss shaving, 
abrading and cutting the surface of the skin, is a prolific wmree of infec;tion. 
The inhumanity of the average nurse «)r orderly in this reHiM*ct, duo, of course, 
to ignorance or carelessness, is one f»f the chief minor ills of the patient’.s 
operative ordeal. After wijdng the field dry with a srjft mop of gauze any one 
of the following mctho<l8 may Imj employed: 

The T****'" Method.—Cleanse the skin with alcohol (It.'J per cent.) and apply 
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a dry sterile dressing. After anesthesia is induced remove the dressing, dry the 
field, if necessary, with O-O per cent, alcohol, and apply one coat of tincture of 
iodin (U. S. P.). Allow to dry three minutes and cover all but the line of 
incision with dry sterile sheets or towels. After the incision in the skin is 
made fasten the towels to its edges with sutures or suitable clips. 

PBECAUTJ0N8. —Use only freshly prcj)aie<i tincture of ioilin. The alcohol 
evaporates raj)idly, inereasiii"; the irritating properties of the solution. 

Apply only one stnootli coat, without pressure or friction. 

Avoid excess of iodin. It may collcf;t in a pool or run into a crease in the 
skin and cause a burn. 

Avoid soap on the field. It will prevent the efficient penetration of the 
iodin. 

Do not \i.se W(!t toweds or .solution of bichlorid of uKU'cnry on the skin. They 
increase the irritant effect of the iodin. 

DANOtJUM.—Ihirns or dermatitis, due to the io(lii>, may result from idiosyn- 
orasy or from candess ns(f of the s(»lution. They are generally of no serious 
importance, but are very annoying and at times ipiitc^ painful. No preventive 
treatment seems of any great value, although it is elaimed by some that by 
removing the excess of iodin with alcohol, <dther three minutes after its ap¬ 
plication or at the end of the operation, tla? probability of l)urns is nearly 
obviated. The aleolad must be <‘arefully moppe-d on, as brisk rul>l)ing will only 
increase the irritation, d'ho treatment of an estahli.shed iodin dermatitis is 
like that of any other similar lesion, a bland sterile tlusting powder, such as 
zinc oxid, or aristol, usually suffadiig. 

One otlior daug(!r noted by .scaiie surgeons is the production of e.xtensive 
peritoneal adhesions by tla* iodin which unavoidably n’aehes the peritoneal 
cavity to a greater or less degTce. 'I’his is strongly denied by others, who even 
go so far as to n.so iodin freely to prevent adhesions, 'I'he ipiestion is still 
undo<dded, but it would seem wiser to avoid unneec ssarv contamination. 

DRAWBACKS.- -Aside from the dangers noted above and from its probable 
inefficiency, two minor drawd)aeks may be noted, that it cannot be u.sed in cer¬ 
tain situations safedy ami that it obscures the landmarks of the .skin. As to the 
fonner, certain parts of the anatomy, such as the eyes, are too sensitive for the 
efficient u.sc of any antiseptic, and on others, such as the scrotum or perineum, 
a half strength solution of the iodin, using aleolad as a diluent, may Ikj used. 
As td the swmnd, the skin markings, if they are of any importance, may be 
preserved by tracing them on the day preceding operation with a 10 per cent, 
solution of silver nitrate. 

Modifications of the Iodin Technic.—There arc many variations from the 
nl)ovo preparation, of which the most important are as follows: (1) Omit all 
proliniinary treatment of the skin, dry shave on the table, one coat of full 
stjtjngtb iodin. This is almost universally used as an emergency preparation, 
is simple, and apparently fairly safe. AVith many it is the method of choice. 
(2) Dry shave and one coat of iodin on the day preceding ojwration with the 
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usual teclinie on tlio table. (;*,) As in uM. u>in- one half stnMipfh iodin. 
(4) Like the preoctlino', witli a i>reliiiiinarv treatinenl of a weak .solution of 
iodiu in l)cu/.iii. 

The Alcohol-Ether-Bichlorid Technic. .\ner ih,> pn-liminarv wasbitiff 
with soap and water and tlic -iiavinu ibc* lielil is t le;nwj><l wiib aleoliol, ether, 
and a watery solution ot hiddond i>f niercnrx. 1:1. OOi). A soap ponltiee is 
then applied for a halt lioni' or nioro. tlu' lioid aL'am cleaned with alcohol aiid 
ether, and a moist dre.ssinj:: appinal ot 1 ;io,o((o liieldorid. (hi the table the 
dressinp is rcinoved and tlu' tield auain \ieorou>-lv ^el'nhlted with soap and 
water followed h_v ah'oliol, (“thcr. and <tne m i>iie tliou-and hieldorid. 

PRECAUTIONS. I se oiiIn cotton. >ott ^aii/c, or a \crv soft lirtish, ns the 
skin is verv easily irritated hs too nnich xMidiliimr. The Mtap must he very 
bland. A solution ot c.astih* .soap is better tli.ni the tincture of oreen .soap. I'lie 
action of the soap ponltna' on the .-km nin-t he watelad. as it inav Is* v<*ry irri* 
tntin^. The hieldorid solution must not he too -tron:;. for it niav si*t, up a 
severe dennntiti.s. 

DANGERS.---'! he otdy danger is that o| eaiisiin: a dermatitis hv too vitjorons 
8cnihhin_u or too stroinr hieldorid. 

MODIFICATIONS. '1 here are maii\ variations of this teehnir*, I'onsistinp 
of elianiies in tin* stremith ol ihe hiehlorici -ohition. tin* nnmher of times the 
dressin^fs are elianii'ed, and the .-eriihhim; pi'rlornn d. .\ .slron:;' alcoholic sidtr 
tion of biclilorid may Ik* n.sed in the linal pre|iaration, if the skin is not too 
irritated. 

DRAWHACK.S. 'I’his m(*thod is prohahlv as ellieient as the iodin jircftaration, 
hut is far more tedious ami e.shan-tini: to both the patient ami Ihe nurse. It is 
sloppy, uneomfortahle, ami irril.tlina'. 

The Lime and Soda Technic. This is u-ed for tin* most jiart as a step in 
the precediiifi and consists ot tin* appination of a Iresldy prepar(*d ami imnst- 
ened ndxture of ehloi'inat(*d lime ami -o'linm eaihonate. 'Ihe na.secnl I’hlorin 
formed is a verv powerful "eniindde, while the alkali ol the mi.xtnre dissolves 
the sujicrficial ejiithelinm ami allows a deeper penetration of the antiseptic. 
The main drawback to it.s n-e i- it- irritant action on the skin. It is a very 
useful adjuvant to oth(*r forms of jireparation. <• pecially on thick, tou-'li, or 
very dirty skims. 

The Benzin Technic. iJenzin. gasoline, and naphtha, althoufrh rather 
weak in germicidal power, an* excellent eleaiipers of the skin and have Ixten 
extensively n.sed for the entire prejiaration of tin* skin. Tim method is very 
simple, consi.stin" of a simile ai>idicalion on the ihiy jirecedimi ojn*ration, dry 
dressing, and another ajiplieatmn on tin* table. Ihe r<*stdts in x fairly largo 
number of cases ohservcil by the writer were excellent, (’are inus*. Ixj taken 
that the agent il<x*s not collect in p<H>ls or run into creaws in the skin, wnl that 
the latter is perfectly drv before it is covered, or seven* burns will ensue. 

Manv other ch(*mieal.s, notably carlsm tetraehlorid. thymol, and picric aesj, 
have been enthusiastically advas-ated for the preparation of the skin, but are as 
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yet in the experimental stage. Carbon tetrachlorid has one decided advantage 
over benzin in that it is not inflammable. Inlialatirtn of its fumes is very 
dangerous. Thymol, 5 per cent, in SO per cent, alcohol, is a powerful anti¬ 
septic and germicide, not very irritating, and is a splendid deodorant. It does 
not obliterate the natural or artificial markings of the skin. Picric acid in 1 
per cent, watery or alcoholic solution has about the same advantages, and the 
added one that it can he applied to irritated and inflamed surfaces, on which 
it has a decidedly H(M)thing and anesthetic action. As applied by the writer in 
quite a largo nuinlKir of minor surgical cases it has proved exceedingly useful 
and reliable. 

Alcohol, which forms the lueiistrnum of many of the best germicides, is 
itself a powerful antiseptic and germici<le and it is an open question whether 
or not alcohol is not the principal ingredient in some of them. A few operators 
have relied upon it alone, using from .50 to !)'> p(!r cent, solutions. The ques¬ 
tion of germicidal power in tho various strengths is not yet settled. 

Many attempts have heeii made to apply an impervious aseptic or antiseptic 
coating to tho operative field, through which the incision is to be made. No 
groat success has as yet hc'cn attained, hut it may well he that tho ne.xt step in 
advance will he in this direction, (^ertainly if a sheet of r\ihher dam or other 
similar substance could he firmly and evenly cemented to the skin and tho in¬ 
cision made through it, contamination of tho wound by the skin would be 
nearly impossible. Wo now use sheets of gutta-percha to protect clean wounds 
from infected areas, ccMiieuting them to the skin with chloroform, hut we cannot 
be sure of tho sterility of the tissue itself. 

Certain regions reepure special methods of preparation. Thus in the eye 
only saline, boric acid solution (watery), or argyrol is permissible. In tho 
external car alcohol or an alcoholic solution of boric acid may he used. In the 
mouth and noso solutions of menthol or thymol in water or liquid vasclln, of 
about 1 per cent, strength may bo of some value. The rectum will tolerate only 
saline irrigations, while in the bladder, saline, boric acid, or weak permanganate 
solutions may bo used. lodin can he safely n.sed in the wagina if it is wiped dry 
afterward, hut it is very questionable if irrigations of weak bichlorid or iodin 
solutions are not more efficacious. 

In conclusion, one other most important subject remains to be touched upon, 
namely, tho attempt te increase the resistance of the tissues to infection. If 
by serum, by vaccine, or by drugs wo could confer even a fleeting immunity to 
infection by tho various pathogenic organisms, all our elaborate technic of 
preparation, not only of the patient, but of the surgeon’s hands, dressings, and 
instruments could bo entirely discarded. In this direction lies the real path of 
progress, not in attempting tho impossible task of destroying the innumerable 
infecti’« organisms themselves. Tho three great sources of danger from opera¬ 
tions are hemorrhage, shock, and infection. Of these hemorrhage is practically 
o/ereome by modern operative technic, shock bids fair soon to become so, and 
infection remains, conquered only in part by‘diligent etforts at asepsis. 
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RELATIONS t)K MEDICAL DISEASE TO SI IKIEIIY 


Alexander IIrvax iIoiinsiin vnd Jami-s 11 . Kenvon 


PART I 

Alexamiki: Rkvan .Iuiixson 

Commonly, Riirfrioal (ipcralions atv frrnuix'il ninlcr two heads: operations of 
necessity mid operations ol elioiee. expedieney, nr eh'cfioii. Tli(*re eiin Im no 
two decisions in reiiard to llie wi'idoni of optoiiin: an aente altseess whenever 
practicable and as soon as may he; nor of evaenaiim: a full hlndder, sonudiow, 
whereas a man with Dnpnyiren's (■•iiiiractioii of (lie palmar fawia niav well 
think twice or even several times before snhmillini: himsedf to a surgical 
operation. 

Our task in this ehapler will, howjoer, Is- lo try to hel|) (latse who are jKtr- 
haps less cxjM'rienceil than onrseUes, and to jo;: the memory of others who 
desire this sort of aid in ilecidiiiL" in a eixeii ca'^i* and under a variety of hs-al 
and general jiathologieal conditions whether to operate or not, and also to tel] 
in what wav the preparation ami alter can* of an operative case may he modified 
to ailvantage in the presence of acnfi' ami chronii" diseases and other hwal and 
general changes that give the surgeon pan-e. I he task is no light oin*, and [mt- 
haps the title of the chapter might iietter have Is-en “Surgical .Indgmcnt Made 
Easy or Evcrynnui a Ch^nl Surgeon.” 

ANEBfIA 


A profound degree of anemia from any cause n<hls a wrions risk lo any 
considerable surgical operation. In simidc! anemias, such as we we from aente 
hemorrhage or from repeated small hleedings -uterine hhsalings, for example 
-r-the more acute the condition the more serious the efh^d iijHUi the proginwis 
of a surgical procedure. In the most a<-ute casr-s where sluK-k and Iwunorrhago 
are combined the sluK-k element is an sdisolute contra-indication to any Hcriou.< 
operation. 

Shock.— Active external bleeding may and should lx; controlled at once. 
This can usually bo done in a few moments without anesthesia. Rut any 
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formal operation, sucli aa* amputation or an alxloininal operation, sliould be 
postponed until the shock has passed. Every young surgeon left to his own de¬ 
vices learns this from sad experience. Entil this lesson has been brought homo 
to him more than (nice he fails to realize that a iniiseular man of 30 whose 
shoulder has liccn amjnitated hy the wheels of a hx^oniotive, who has lost but 
little blood, whoso pulse is slow, though not full, who says cheerfully that ho 
has no pain and “is (juite conifortahle,” and who is pale and bathed in a clammy 
sweat, is the worst possihlo surgical risk. .Some 21 or IS hours later he may 
be able to endure a formal amputation or disarticulation at the shoulder joint 
with but little risk. Now, while in shock, the same operation is murder pure 
and simple. 

Chronic Simple Anemia.Chronh; simple anemia uncomplicated is, on the 
other hand, by no means so serious an added risk, 'flu^ (’ommon rule has been 
that loss than 30 jKir cent, hemoglobin contra-indicated a scudous operation. 

One of the most common types cd’ this sort is seen in women reduced to 
Hovero anemia by uterine bleeding from causers otlun* than cancer. In these 
cases it is astonishing that hystcuvetomy may be done .succc'.ssfully with a per- 
contugo of hemoglobin of 20 per cent., and even, as in one case rhat came under 
iny olwerviitiou, of 12 p(*r cent, d'o be sure, the reparative power of the tissues 
is much rediiciid, and in these cases the operative wound takes much longer to 
form a solid scar. 'I'liere is, 1 think, also more dangei" of infection, slight or 
Bovoro, than in persons in ordinary health. 

When similar gi-ades of anenua are caus(>d by or accompanied with a can¬ 
cerous cachexia or a septicopyemia death follows any .serious operation with 
groat regularity. 

In some anemic ca.ses, nioro espec:ially when uncomj)licated, transfusion 
from a suitable donor mav be a verv valuable preparatorv uu'asure index'd. 

Ill some cases of chronic sepsis combined with anemia repeated transfusions 
have rendered successful operations possible. 


TYPHOID FEVER 

Typhoid fever during the ai'tive course of the disease is a contra-indication 
to surgical operations, except those of necessity. 

The (’onijilicatiens often call for surgical interference, either immediate, 
as in cases of perforation and of acute suppurative pnx'esses. wherever situated, 
or, later, after the fever has run its course and the patient i.s sulTering from one 
or more of the nnmerous .seipiela*, such as a typhoid joint, ostc'omyelitis, chobj- 
cystitis, absce.ss in the .skin and deeper soft jiarts, middle ear di.sea.se, or some 
other of the lesions left after the intestinal uh’crs have heah'd. 

It may lx* understood that, since in a larg(' proportion of (*a.ses, So to 90 per 
cent., the typhoid bacillus is eirculnting in the blood and often causes pnrnlcnt 
inflummatioiiB wherever it may lodge, the list of surgical complications of 
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the disease is a long one. Tlie more eoniiiion om*s are here eimineraffnl; their 
treatment will be louml in other fieetions of fliis work under approjtriiite head¬ 
ings. 

1. Perforation of the Inovel. 

2. Hemorrhage from the bowel. 

3. Typhoid iij)pendieiti.'<. 

4. Typhoid infeetion of tin* btliarx' and of (In* liver. 

5. Typhoid ehoIei’VHtitis with perioral ion. 

6. Typlioiil rupture ol flu* .<pl(“en and t\pIioid ali.'^eess of (lie upleeii. 

7. Stricture of the cv-iophauus tollDw iniir t\pliold. 

8. Typhoid inflammation ot the hone.s and jn'rio.steum. 

9. Typhoid arthritis. 

10. Typhoid spine. 

11. Typhoid larynx. 

12. Bed .sore.s. 

13. Tyjihoid ganartme of the ext remit It s. 

14-. Typhoid ah.see.s.ses, siibentaneon^ or in .special organs other than tlamo 

mentioned. 

15. Typhoid innammation of any nnieous iiK'nibrane. 

During the early days of the disease il has liappened dial a diagnosis of 
appendicitis has lu'cn made, and the a|ipendix removed. .\s a rule, these 
patients have? doin' well, the operative wound has healed, and the disease has 
run its course without apjiarent nioililiealion. 

Perforation.- In regard to operation lor ly])hoid ]>erforiition, Suee«*sK de¬ 
pends ujiou: (1) I'iarly diagno-i^; (■_'i ear!\ operation; (.'!) rapid operation; 
(4) simple proi-ediires; (."i) the general condition ol tin' palii'iit as affected by 
the typhoid, and by the added elfeet^ of the M'plie ])erit<ineal absorption. 
Within the past few veai's the re.-'iilts have been iiineli inijirovi'd. d’hn.s. in the 
^Montreal Ciciicral Hospital during the year lltit'.i and n]i to .May, 11)10, Arm¬ 
strong rcportetl Uii tvjihoid perforations. 1H of which were operatc'il upon um] 
9 of whom, or 17 jier eenf., reeovereil. 

Other Acute Abdominal Conditions. Other acute ahdominal eoinlitioim may 
simulate perforation during Ivphoid: among them may be mentioned aeuto 
appendiciti.s, typhoid perforation of the appendix, intussu.«eejition, mi'senterie, 
thrombosis, volvulus, acute obstnietion by band.s. and .strangulation tir jM*rfora- 
tion of Afeckel’s divcmtieiiliim. also sponlaneoiis rupture of tlie spl(>eu ami 
rupture of the gall bladder. .\11 tln'se eouditions are iiidieatiniiH for immediato 
operation since in all delay is fatal. 

Intestinal hemorrhage may 1 h> an indication for ojK-ratifUi in exceptional 
cases. Tran.sfnsion of blood may Ik; indicated. 

^rphoid Oangrrene. d’yidioid gangrene of an extremity is not a very fro- 
tpient coniplientioii. The imirtality is bigli, nriiputation of the lower extremity 
having been fatal in nearly half of the eas<>8. An effort on the part of the 
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dry heat, dry antiseptic dressings, elevation of the limb, etc.—in the hope of 
imptoving the general vitality before amputation is done. 

TYPHUS PBVBB 

The (lopression of vitality in this disease is extreme. Operation for its 
surgical complicutinns arc, therefore, attcnided In- a high mortality. These are 
by no means so frequent- ami varicid as in typhoid. Th.c most common are 
gangrene, nsuully of a lower extremity; ulceration of the fam*c.s with possible 
edema and mcKihanical dyspnea; and empyema. 

Gangrene, when it occurs, is due to the lowered vitality of the tis.sucs, fol¬ 
lowed by arterial or venous throndawis, or both, less oftwi by embolism. Pre¬ 
existent <liahetes or arteriosclerosis or both art; believed to be prcdisp<i8ing 
causes. The popliteal is the artery most ofttm involved, lu'xt the femoral, the 
aorta, and the iliaes. In the lower extremifi<‘s a line of deniareation may form, 
or none. In the latter group amputati(»n must be done earlv ami well above 
tho advancing area of necrosis to be offeetive. Tin* mortality is very high, 
probably nearly 7o per cent. Kdenia t»f the larynx demands tracheotomy and 
empyomu drainage of the pleura. 


SMALL-POX 

Tho relations of .small pox to surgery consist merely in the treatment of tho 
suppurative complications and of the seqnehe of the disease. 

Tho most fretpient are furuncles, deeper abscesses, erysipelas, and ulcera¬ 
tion of the larynx and fauces; less freipient arc bed sore.s, progressive and fatal 
gangrene of the skin and sulKuitaneous tis.sne.s, noma, and suppurative or gan¬ 
grenous parotitis. Kmjnema is not common, ('ieafrieial deformities of tho 
.oyolids may require plastic operation.s. In certain epidemics di|)htheria is a 
complication. 'I'liese several conditions demand appropriate treatment de¬ 
scribed elsowherc in this work. 


CHIOKBN-POZ 

(Varicella) 

Surgical complications are rare in this disease. As in all conditions fur¬ 
nishing open atria for infection through the skin, Iwal and general soptic 
proco.s 80 s are possible, ami may Ix) .severe or fatal. Tims, in rare instances, 
stropttx'iwus septicemia, erysijielas, localized gangrene of the skin, and joint 
lesions have Iwcn notetl. Death resulted in a few instances. The treatment is 
that of sirnilai* lesions whatever their origin. 
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SCARLET FEVER 

(S<arl Ilf ilia) 

Surgical coniplicntions duriiii; nr afti'p nii atlnck nf s«-arl«*f f(>v«’r nro bv no 
means rare. T1 k\v deinaiiti watcliriiliu'S'^ nii ilic pari nf ilm lundical atUMidiiiil. 
lest they escape nnfict* until far advanced, and wlicii nt-ngni/cd may ri‘<piire 
immediate surgical treatnient. Sniiu" nf tliciii arc nf gravi* im|Mirl and wniie 
only annoying. 

The disease itsedf is a se|ilicciiii;> (d’ a spcidlic «nrl. and sc<’ms In invile a 
secondary invasion, b'cal or gciunal. of llu* ••nmmnn pyi>gcnic niicrnlH>s. In 
deed, streptococcus septicemia cnniplicaliiig llie <li^ease is the canse nf dentil, in 
not a few cases. 

Scarlet f(*ver ns a com]dicalinn altc-r surgical nperalii^ns. otln-r wonmls. 
burns, and during fin' pnerperinin is nf nci a-imial neennence and may render 
the proiinosis grave. ’I'lie inteclinii may jirecish* nr fnllnw the trauma.* In the 
latter group both the lo\vere<l vitality and the raw snriaces may favor infi^c 
tion. These conditions vvc're ioi'merly spnk«ai id as “siirirical scarlet fever.” In 
earlier davs .sejitic rashes, after siirtiical npcr.aliniis, wc're mnn* enmmon than at. 
the present, and were dmditless mistaken Inr scarlet fever in some (’asi's. At 
present the above term is rarely used. 

The list of pyogenic processes complicating or following scarlet fever is long. 
The most frequent is otitis media. Deafness and chronic middle car disease only 
too often mark the individual for life. In the statistics of various observers infec¬ 
tion of the middle ear occurs in from 10 to .'>0 per cent, of the cases. It is nhunlly 
bilateral with a pnrnlent or miicnpnrnleid exml.ale. Mastonlitis i.s not. very 
coniuion. The antrum of Iliahmorv' and the sjphenoidal sinnses aro riunly 
involved. 

Otitis Media.—Otitis media may occur as early as tin; Ihinl day of the dis- 
cn.se, or at nnv time until comphde c-onvalescem-e. It iwcurs more often and is 
of a more severe tvpc when the throat M\mploiiis ar»* marke<!. When it cn-curs 
early it is more apt to he ma.sked by other symptoms and to pass unrf*e,og- 
nized until the car drum hni>ts aitd a divharge appears at the meatus; 
when it occurs later .sciverc pain in the ear and ii ri,s<! of temiieratnre are 
present. 

Early incision of the drum head is indicated in all cases, followed by frequent 
irrigations with warm boric acid solution, in order to wash out the sticky dis¬ 
charge and kce]) llie drainage frv-e. f essation of this di.*s’harge, with rfdnrn 
of pain and fever, demands f*xaminafion of tin* ear .and r(H)jM*ning the drum if 
the former incision is closed. Ma-stoiditis ihMiiands <ij>eration. 

Affections of the Lymph Nodes. - 'I’lie Ivmph ruMles of tlie neck are regularly 
enlarged in scarlet fever, the increase in size may Ikj slight or marked, in tlio 
latter group the swollen glarul.s may gradmally .subside or suppurate. 
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Suppuration may occur early or be delayed for weeks. It is indicated by 
the usual signs: Pain, tonch'rnesH, fever, aiul leukocytosis. Suitable and liberal 
incisions for drainage are indieateil. 

Paronychia. —Pyogenic infection at the root of the nails is frequent during 
desquamation. Scratcliing and j)icking with infected finger nails is the cause. 
In some cases small incisions and .suitable <Ire.ssings may Im) required. Painting 
tbo finger tips with iodin may prevent infection of the other fingers. 

Albuminuria and Nephritis.—Albuminuria is almost regularly present dur- 
. ing scarlet fever. It is not necessarily accomiianicd by marked organic changes 
in the kidney and usually ceases during convalescence. Xephritis is not a rare 
complication and may terTuinate fatally from uremia. Chronic nephritis fol¬ 
lowing scarh't fever occurs once in 2r»() eases. 

In .selecting the ane.sthctic to be given to an individual who has re¬ 
cently had scarlet f(!ver, e.nimine the urine. If nephritis is ])reseut local 
anesthesia or gas and oxygen in snitahle cases may be safer than ether or 
chloroform. 

Arthritis. —Arthritis is a complication of scarlet fever: the joints rarely 
suppurate, but if they do they must he drained. 'J’he streptocociuis is the most 
frequent organism found in the pus. 

ACUTK I’Or.YAUTlOUIiAR AHTHUlTIS (ACUTK ARTIOULAll RIIKUNfATISM). 
—Acute polyarticular arthritis may occur ami dcMiiamls suitable treatment: 
roat, local applications of methylsalicylate. and intt'rnal medications. 

Peritonitis. —In had cases of scarlet fever dilVuse jandtonitis may occur, 
apparently without discoverable localized origin. The j)atients are septic and 
the outlook is grave. 


MEASLES 

Much the most common medical complication of measles is bronchopneu¬ 
monia. Lobar pueumoiiia may occur and he tolloW('d bv empv(*ma demanding 
operation. Among the other pyogenic complications an; boils and noma. 
Osteomyelitis and arthritis are rare, as is also otitis media. 


DIPHTHERIA 

Laryngeal diphtheria demands intidtation or, if this cannot be done, 
tracheotomy. The general use of antitoxin has diminished the frequency and 
severity of this complication. 

Otitis occurs in about 4 per cent, of the cases and demands incision of the 
drum head. Cervical adenitis is a regular concomitant of diphtheria, the 
swelling may bo moderate or excessive, and may end in resolution or in sup¬ 
puration. Incision for drainage is indiented in the latter group. 
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WHOOPINO-COUOH 

The presenop of m sp:i^iiio<Ii<- fiiiii;|i irum aiu Miurcc is :i »*onlrrt indication 
to operations of expediency, iuii:ilil\ on tin* :il>di>in(‘n for c\:inipl»\ hernia 
since, during violent eonydiing, tlie !-ntnr«' line in:i\ U' weakened or eveti hrv)ken 
open. 

If an abdominal ojx'ration ht^coiiu'^ «< <■( .s.vid/ (‘..pcidal ean* sluaild lx* nst'd 
in suturing the apoiunirotic .-tructni'c- ol ilic al>don)ina1 wall. .V eonfijuioHs 
suture of chroinie gut may ]>c nniilorccd li\ a -crii’- of inli'rnipted stitches of 
the same material. It is never wise to use buried sutures of non*absorbable ma¬ 
terial under these conditions. In addition, the wound •■dges and the etiliro 
Ixjlly wall should lu* .supported lo eandulK placed ina-'cs td gan/e so ajiplitsl 
that the zinc oxid plast(*r strips jilaced o\er all .>hall really .support and k«H*p 
quiet the abdominal inn.selcs. 

MUMPS 

The surgical ennipli<-afions of mnnips are l•hielly twt); otitis nu'din and 
edema of the glottis. ’I'he eoinplie.ilion orelilii- doe- not proceed to snppnra 
tion, though it may lead to atrophv o| the te.-ti-. (tiiiis is Ireali'd )»y early 
inci.sion of tin* drum Inanl. Ivlem.i o| ilie -glottis Ii\ inli.alation of iiK'dieatial 
steam from ti eronp k<‘ttlc. f or ihi^ purpo-e eonipoinid tincture <d heii/oin, 4»n(f 
dram to a pint of water, aii>wer> widi. I’leparalion-. for instant trai'lieotomy 
should ho made and a cannula jtlaeed in the wind pipe when aspliyxia threatens. 

INFLUENZA 

In cpidemies of influenza aee<rmp.inieil hy pneimionia as a fnxpient eompli 
cation, ahsee.ss and gangrene of fh<- lung a-, widl as empyema are ohserved. 
They demaml operative treatment when thi> ioi-al and general eontlitions permit. 
(Sec Vol. I r.) 


EPIDEMIC CEREBROSPINAL MENINOITIS 

The surgical enmplieafions of fhi.s disease* are otitis media, very common, 
and purulent arthriti.s, very rare. I'anoplithalmitis ha.s been ohwrved. The 
otitis may readilv l>e overhxiked; so eoiimion has been this eornpHcation in cer¬ 
tain epidemics that puncture of tiie drum head Ims Ihxjii ree<»rnmeiided as a 
routine measure. 

Lnmbar Pnneture. —T.uiuhar puncture has Inxm used both as a diagnostic 
and therapeutic measure. A.s a means of treatment it has not given encourag- 
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ing results. It may, however, be tried, .30 c. c. to 50 c. c. of cerebrospinal fluid 
being withdrawn in the usual manner. It can scarcely be considered an efficient 
method of drainage in those cases. 


ERYSIPELAS 

Erysipelas is caused by a particularly active form of the streptococcus 
pyogenes. 

• During recent years the number of cases seen in our surgical wards, or, 
more properly, dcvchjjiing in (latients who are reenvoring from operations in 
such wards, has greatly diiniiiished. I his is partly owing to better wound 
treatnient and ])artly because, when a case of erysipelas comes to, nr develops 
in, the ward of a geiuiral hospital, it is (dtluT isolated or transffirrod to a special 
hospital at once. No ordinary isolation will suflicc. The patient should bo 
placed in another building or in some specially arranged part of a building 
with a separate entrance. l^Iedical attendants, nurses, and orderlies should be 
detailed for the c.ye of the ca.se and .should not come in contact with other cases. 
During all handling of the patient .special clothing and rubber gloves should bo 
worn. 

The patient himself should be bathed freciuently. and should have frequent 
changes of body and bed clothing. 'I’he baths may well be of .3 per cent. Wic 
acid solution after the use of soap and water. Upon recovery he should receive 
several thorough baths. The hands and hair should be thoronghlv <lisinfccted. 
All fomites should bo disinfected either by steam or formalin .solution, and the 
apartment disinfected with formaldehvd gas. 

Not only are persons with wounds likely to contract erysipelas, but also per¬ 
sona with medical diseases or healthy persons who may have some slight abrasion 
of the face or a Assure within the nostrils. In ease's of facial erysipelas this last 
is a very common ])ortal of entry, the contagion being conveyed by the fingers. 

The surgical complications of erysipelas are nnmcrou.s: Abscesses, 
gangrene of the skin, lymphadenitis, phlebiti.s, pneumonia, empyema, 
septicemia, pyemia, otitis, edema of the glottis, arthritis, and delirium 
tremens. 

James M. Anders, in Osier’s ‘‘Modem ^Icdicine” (Vol. II, Chap. XX), 
gives analyses of l,<i74 cases with especial reference to complications, with 
results as follows: Ab.see.sses, 10.5; arthritis, 20; delirium tremen.s, 10; lobar 
pneumonia, active delirium, phlebitis, pleurisy, each 7; acute nephritis, 6; 
synovitis and diarrhea, each 5 ; tonsillitis, 3; catarrhal pneumonia, otitis media, 
edema of the larynx, acute bronchitis, each 2. The most fatal complicatrons are 
lobar pneumonia and delirinm tremens. • 

Absoesses. —The most frequent site of abscess is the face feyelids) and 
scalp. They give the usual signs of subcutaneous abscess and should be opened 
early. They may bo siuglo or multiple, and are usually of moderate size, but in 
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bad cases they may attain lar-m proportions ami Ih> followoil bv extensive 
sloughing of the skin ami snlK-utanwnis tissues. 


^llVTicn on duty iu the erysii«>las pavilion 0 } K,*ll,.vue Hospital nianv years 
ago I saw a number of cases in wliieh tlu-e abscesses were very Iarjk%'ti>ok 
long to heal, in spito of fi-w incisions, ami lell iiixly .sears. The most exteusivo 
were in the neck and scalp. 


Several epidemics ot erysipelas oei-urred in the snr^'i(“al warils during the 
time I was surgical inteiaie at llelle\in’. and I saw tilliers latcT in I’oosi'velt 
Hospital. Tho speed of tran.'ini.s.'-ion fr<iin patient to patient was striking. 
Thus, in a male surgical ward <d Is la>,ls. .a man was admitted with a w'Vt’ro 
scald of the genital.s and alxloniinal w:ill proilneed hv a llnr^tlng stiaini idpe. 
Within a day after admission tlu'elmraeterisiic intensedv red blush of the skin 
had appeared at the margin of the s<‘ali! ot the serntiim. the man had a chill and 
a high temperature, was ri'inoved to tlic erysipelas pa\'ilii>u, Iteeame delirious, 
and died comato.se in le.ss than 1.'' hours therealter. A man in the iie.\t Ik'iI 
had boon operated upon tor a fraelnre<d the patella, la* <lev<‘lo]ied facial ervsiji 
elas, but survived. Across the ward lay ;i m.'iii \\ilh a simple fracture of tibia 
and fibula, and 011 the saiiu' day he <leveloped er \sipelas of tin* face. Three Ims] s 
removed from the first ease was a man with inoperable cancer of the lu'ck, 
whose common carotid artery Innl Ih'cii lied. Three davs after tin' first case ho 
had erysipelas in his wounds ainl then (‘rvsipelas of the pharynx, with «‘deitin 
of the larynx, and died in spite* <if early Iraelu-olomy. ,\iiofher pafiiait near hv 
had a perineal section for stricture of the* urethra. Within a few’ <lays ho haul 
erysipelas and died. 'Diere wera* de.tllis in this ward as tlae resiill of this 
epidemic, and the lesson has iicve'r liccn forgotten. 

Tho di.seuse is infections .'iml coaitaeions. In those early daays wc knew noth¬ 
ing of proper precaiitioais and the hand'' <if ordmlics aiiail snrgi-oais iiafallihly 
carried the infeetimi froan one jiiilicail to the <illi(-r. I Inive laeainl eiailm'iit sur¬ 
geons say that erysipclais in ai will'd oaii'-a-d them no anxiety, d'o fhciti it was 
no more than any other infcctcil wouml. Sni-li ai view does n<»t agrea* with any 
expcricuecs. I liavc .sa’cn the eii-'ca-'*- re<-nr after months of exemption and 
believe that the germ is a i»(*< nliaily re-'islanf and emhiring form, not to 1 h! re¬ 
garded lightly, and that it should r<'ca*ive most ciirefnl alt(*ntion from the be¬ 
ginning. Only in thi.s manner I’an a hospital be profeefcal from sneh infection. 
Tho use of rubl)cr glove.s for all cxaininalion.s and tlressirigs is flic lK*st mcaius at 
our disposal to avoid tlii.s partieiihirly uiifortiiualc and di.saMfrons tyjM! of wound 
infection. Infection with crvsipcla.s may have a IsTieflrial cfTcct on sluggish 
wounds and on sarcomata—more rarely on ean-iuomnta. 

In^tho e.xtrcmitie3 the alasee.sses aiul ue»*rotic proees.s(.*H may bo localized, 
or diffuse. When ci renin sc rils-d they rc.«emlale siilK'utancoii.s ahseesscs else¬ 
where, are easily distmvered, and demand early incision. W'hen diffuse!, ex¬ 
tending, for example, from the ankle to the knee, or from the wrist to tho 
clavicle, they require, for the relief of tension and evacuation of pus, cuts of 
iinusual length from the ankle to the knee or thigh, from tho wrist to the 
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clavicle. All tension must bo relieved, all pockets drained. The operator must 
remember that a cut in the skin two feet long is as nothin" compared to the life 
of the patient, and that such cuts are of no gi'eat conso(iucnce since they db not 
as a rule impair the usefulness of a limb and heal (piite rapidly. 

Oangprene of the Skin. —A peculiarly deadly form of streptococcus infection 
combined with putrefactive microbes may complicate cutaneous erysipelas or 
occur alone. I'hi.s disease has been called “erysipelas alba.” It results in a 
progressive necrosis followed by putrid <leeompo.sition of the subcutaneous tis¬ 
sues and connective tissue planes. The skin may show no redness, but only a 
boggy edema. The most fatal forma occur in the neck, and death from septic 
absorption or edema of the larynx may occur iu two or three days. 

The widest incisions and the use of antiseptics in the wounds and all 
pockets may stay the process. Tincture of iodin or Chlumpsky’s solution may 
bo used. 


9 

Camphor . CO 

Carbolic acid . 30 

Alcohol . 10 


An excess of this solution must be carefully wipjsl away with gauze swabs 
gently applied. The wound cavities may be lightly ])a(‘ke<l with gauze saturated 
in the above solutions. I'’ro<piC!it changes of dressings are reriuircd, daily or 
twice or three times daily. Pocketing should be sought for, and all pockets 
laid open as soon ns found. Most of these cases die in spite of every effort for 
tlicir relief. 

Stimulants in every form should be given in large doses j in young subjects 
alcohol iu largo (|uantitic3 may be used with advantage, such ns brandy, 
whiskey, or rum. 

Lymphadenitis. —Lymphadenitis is seen most often in the neck and groin. 
If it ends iu suppuration, incisions wilt be n‘ipiiied, not enucleation of the 
glands. This is a conclusion arrivoil at after a long experience in the surgery 
of infected wounds. 

Phlebitis. —Phlebitis is obscrveil in the veins of the lower extremity. Rest, 
cotton, and bandaging, with slight elevation of llic lind) and absolute immobil¬ 
ity, are indicated. 

To avoid the danger of embolism the quieter the patient is kept the better. 

Pneumonia and Empyema. —Pneumonia is, as stated, one of the most fatal 
complications of orysipebus. It may be a strcj)ttx?«x;cns pneumonia or a pneu¬ 
monia due to tlio pneumococcus. It is followed in a small proportion of cases 
by empyema, giving the usual signs, and demanding the re.seotion of a rib ^d 
drainage. The pneiunonia in these cases is often a terminal phenomenon last¬ 
ing only a short time and ending in dcatli, and in most instances little can be 
done. Several portions of the lungs may bo involved in succession— “wander¬ 
ing pneumonia.” 
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Ddinnin Tiemeiu.—The chninic alotthulic is {Mviiliarly aiiaopptiMe to infoo* 
tion with erysijwlas. If tho alcoholism has n'siiItcHl in si'rioua (»rpiiiic chaiigoa 
in tho liver, kidnoys, alimontary tra«‘t. heart, and hlood v(*!wels the jmt^noaia ia 
grave. 

It ia bettor not to withhold aleohid in these' eases, but to give it in nuKlorato 
quantities, to foreo the ingi'stion of milk, eggs, and l*roth.s at fri’ijnent inlervala. 
(Iliis ia confrarv to the opinion of g<M'd ohsc*r\i*rs t>f large* i*.V|H‘rienct‘, notably 
Alexander hamltert. In delirium In'meiis nneomplieati*d with infix*tioii I 
agree with him.) (hor the um* <if drugs and other mi*asiir(*s, ms* Delirium 
Tremens, jtagt; Dlfi.) Other stimulants, strvehnin. digitalis, and l•amphor, may 
be given and an effort made* to induce sleep. I'iiraldehyd seeiius ti> 1 h* as efii- 
eient as any drug for this pur|Hisc*. When aslec-p these j)atii*nt.s Hhonhl on no 
account bo disturlwd. 

These patient.s may re<piirt‘ restraint, by a sheet j'assc'd across tlii' boiiy and 
by suitably arranged rolls of gau/.e or muslin tiisl to the wrists and ankles. A 
method in use for many years at llelleviie llosjtiial is el!iei(>nt. i*asy ti> apply, 
and much easier to Inair than a straight ja<‘ket. It is di'serils'd as follows by 
Lambert. 

‘‘There is no (nu*sli<in that tla-se pittients shonld lx* eonfuiisl to tied during the 
entire delirinui stage, as in tlie wilder dehriniii it is nftm neeesHiiry to restrain them 
liy a sheet ti<‘<l aroimd their ankles and then inxl tn the foot of tlie tied, and h,v another 
sheet which got's from tlie Is-d n|> over one shoulder, down through the axilla, across tin* 
hack to tiu* <i|>j)osit«‘ axilla, out a<Tosx t),,. shoulder, on to the hoi; the wrists, wlieli 
necessary, can he restrained hy a muslin handage wrapiinl around over eollon wool, 
wliieli tlnis previ'tifs ahnisions ami liohJs them (irmly; sometiim-s a fohlixl slieet 
streti'hed across is sidtieieiit to ladd tla'iii in Issl.” 

The other surgical eomplieations of «Tysi)n‘las will nH’oivu dno utlentinn 
elsewhere since they possess n<> distinetice peenliarities. 


STATUS LYKPHATIOUS 

Per-sons with status lyniphatieus should not Ik* oj)ornfed upon if it is pos¬ 
sible to avoid it. They are v<*rv had surgical risks and often tlie* merely from 
the administration of a general anesthetic. rnforltinnU.dy tin* condition may 
not be recognized until it is too late. These imlivirluals arc peculiarly suscep¬ 
tible to poisons of all kinds, notably to ether and chloroform, and to acute infeo- 
tiona, and they luccumb to slight injuries and operations. If occasion arises where 
operation must be don^ it might be safer to use a local anesthetic, novocain, not 
oocain. 

So important ia tho recognition of this condition in order to avoid a fatal 
result from some relatively slight operative procedure that I quote from John¬ 
son’s “Surgical Diagnosis” (Vol. Ill, pages 70.'>, 700, 708): 

19 



m RELATIONS OF MEDICAL DISEASE TO SURGERY 


EXTERNAL APPEARANCES 

The body is graceful in its jmiportions, except in disease, well nourished, and 
rarely obese. 

The conformation of the limbs is most churaeteristic, especially that of the thighs. 
These arc well rounded, arched anteriorly and laterally, the latter being the moat 
noteworthy feature. The lateral and anterior arching exists both in male and female, 
and in both .sexes the, [lelvis may be .small. The upper arms ar(> rounded, the shape 
being graceful; the fonuirms arc; not rounded, ^•X(■ept in marked ea.ses. The imiseular 
developmc'iit, evcui when excr'ssive, docs not <d(»ak thes(> appearanct'.s, some of the 
most marked cases having occiirnsl in miis<ailar mah* cadavers. 'I’his configuration 
cannot be eousidc'red as a f('mnlo typo of build, but rather a persi.stenco of the juvenile 
contour. 

The skin most fre<iuently has u glossy, less often a pasty, oi)i)earancc, as was first 
brought out by Kschcrich atid Daiit. 

Hnir. The hair upon the [adds is distiiu-tly feminine in distribution, confined to 
the suiirapubie fat pad, tin* superior edges being sharply marked off. The hair may 
bo abundant, but it is never alisent, except in tiu! young. A f(‘w h.'iirs may e.xtcnd up 
the line toward tlii) ninbilieiis. 

Axii.I./Miv II\fu in adults is usually scanty, although the individual hairs may be 
long. Ifair on laaid may be abundant **ven in h'ss marked eases. It is <'(jars(’, straight 
and luat(>rl(',«H. 

IIaiii on Limu.s. —Even in sulrjc<!ts having tin' usual amount of hair, the thighs 
aro, oxceiit for lanugo, free' of hair, <'v<‘n when tln“ legs and ton'arnis are hairy. The 
same is true for the upper arms. 

The head is hraehyei'phalie in typo. 

The neck is implanted .scpuirely upon the uppi'r thoraeie opening. It nmy be 
cither long, thin, mid eolummir, or short ami thiek. 

Genital Orgfans. —A few of the inark<Hl eases present evidences of infantilism, the 
external genitals being small. This infuntih' t.vp<‘ of the genital organs is, however, 
exceptional, ovi'ii in those eases a.ssoeiated with a Lypo|ilastic eomlitiou of the aorta 
and arterial system. The gJans iienis is frequently poinfi il like an acorn. 

Many of the above eliaracteristies may be absent, the most constant being the 

peculiarity of the thighs. 

Thus, the pnbie hair may be normal or excessive, running np to the linca in 
normal adult males. 'I'lds is, however. <‘X<'eptioual. 

Our experieuee at the moigiie tea<'h('s ns that the external appearanees arc of 
considerahlo importaiiei' in diagnosing the presence of the xtnhis eaites, especially 
those which are re<'essive in type. It is certainly a striking fact that time after time, 
without clinical history, the diagnosis has heeii made before antop.sy. 

1. Status lyiuphatiens is eharaeferiz^Hl by hyiierplasias of (he lympliatie strnetures 
associated with jK'rsistenee nr eidnTgeineiit of the thymus gland beyond tlu* age of 
puberty, with arterial liypoplasiu and jinssibly with hypoplasia of the ehromafiin sys¬ 
tem. 

2. Cases of this state have elmraeteristie external appeaniiices, especially in 
respect to general eoiiformation of the bod,v ami ilistribntioii qf the hair. 

3. This eonstitntion repn'sents n constitutional anomal.v, and not a mere per- 
siatence of the infantile type or an arrest of development. Infantilism is, however, 
not infrequently ns.soeiatcxl with it. 

4 . Individuals with this eonstitntion have a special predisposition to disease, and 
increased susceptibility to various insults. 
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a. Till' Imiui'iu-y of tlu* Ivmpliatii* rtin.-itilutioii 1ms nut I't'i'ii suft’uni'iitly I'lnplm- 
sizuil. iior lias sutiioiiiit tiisu lakfu nf it in its nuilii-al. siirttii'al, and 

^insuraiifi' asiHi-ts, ivitii-ialli its nl.itioii tn iiro:;ni>-iw ami duration of lifo. Wo Imvn 
fuund this oondition in .ihoiit 1.' pi r font, of oViT iJ.tKxt autopsies. 

C. Not all the indixidiiaN with th<‘ I.Miiphatie is'iislitution sitoeuiiih to disi'aso. 
Many survive to adult ape. The \.irioiis l,\iiiphatie -iruetures thereuisui tend to 
underpo reei'-ive eliaie^i-. 

7. I'he I.Miiphatie eoii»titutloii I' iiotnl with e'pe<-ial frispii'lie.v in ili-eases of the 
ductless plamls ( Masi (lowaeroinepah. .\ddi'oii’^. and in tiiim>r~ and iliseases of the 
Iiineal plaml) and in di-ea'. ' -m li as ijnh'psy, wloeli ari' proluihl.v due to disorders of 
internal seeretioii. 

S. 'I'he thyiniis is .m epitla li.il l•rpan. ami not a l.i niphoid slrnetnn-. 

More e.vai t know hd^n of lln ihxnnis, in i!' r< l.ition to i;eneral t.vni|ihoid 

h.vjMTplasia. to lla- oh-> I ol ~periii.iloo. n« - 1 '. .iiid the ih \ i lopnii iit of the ..ndarv 

se.xiial eliaraetii-s is \it.d to .ini Inillur pioan-" in the ilueiilalion of iin|H)rtant 
physiolopie and patliolopie eonsnler.ition of la.dth and of disiase. 


LOBAR PNEUMONIA 

l.dliar |iiieiiiiii>nla is a eontra iiniieiition to all ojiefalions exeeiit siieli iim tin* 

n'lnicffil necessary li\ lln.iii|tliealloii' of' ihe disease ifself. If is worlliy of 

liott' tliiit in earlier slaL'es of jineiiiiionia. helore tlie plixsical sinns urn well 
marked, or in eases where llie di.i|iliraeniaiic |deiira is lirsi in\olved, errorn in 
diaiiinisis art' not \erv rate. 

Pain may he referred to tlie ahilomen. and ahclomiiia) ripidily may he well 
marked. llipliU eom[ieient siirpeoii' li.ne o|ionei| ihe ahdoiiieii in .search of an 
inllammafory foeiis and hnmd iiotliinp alniormaI. and tin' si^rns of {tneumonin 
have ajipeared llii' tollowinp day or later. 

I cninc near domp this ni,\'elf a short tune Jip'> in a iiise where a fi-w da.vs Is'fori* 
I had removed a tuhereiiloiis lesti- assoei.iieil with iiipinna) hernia. 'I'he imtlent 
(leveloiied ii temperature with m t.v severe p.nii refern d to tlie h-fl upper ipiailrant of 
the hi lly and haek. A prohahlc dniLOiosis of a t nhereii l>ois kidney was iinnle. Within 
two days sipii, of iineiniioina in tin- low< r lohe of ihe h ft limp were ri-i'opiiized, and 
no operation was done. 'I'he iiatn nt siirvixed and )elt the hospital iippareiilly (piiti! 
well. 

The .siir^tical eom|ilieations of |ineiimoiiiii are few Imt very wriouH. Tht) 
ino.st inijiorfant are em|iyema. aliseess of the liititr, (.'iitifTrene <if the Itiiifr, jnirnt- 
intK'oeeiis arthritis, jniimoiiary eml«disni, :tn<l perijiheral venous fliroinlKisis. 

Empyema.- In from - to .'i jut eent. o| the reenriled eases jinemntmia is 
followed 1)V emji'ema. The exeifinp o|.|-ni may he tim inx^miororruJi, or the 
slrejilorocruK. 'I'he jiereenlape varies in ehildren and adults. I’iwart found 
tliat in eliildren 7o js r cent, of all the em}iyeinala went eansetl hy th (3 jmeii- 
iiiocoooii.s, 2.7 JK.T cent, hy strejittssK-eii.s jiyogene.s. In adults the jiercerituge.s 
were reversed. 
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The treatiricnt of oinpyciiiu, hh soon as the presence of pus in the pleural 
sac is verified by the aspirating needle, is <lrainage of the pleura by resecting an 
overlying rib and introducing one or more large rubber tubes. X. li. The 
tubes should have largo safety pins thrust through their outer ends lest they 
slip in and be lost in the cavity, a most annoying acci<leut. (See Vol. T, Chap. 
VII, “Aspirating Ihiviees in Surgery.”) 

It is not wise to irrigate; the pleura. If the patient is weak, is breathing 
badly, and.is cyanotic, a rib may be. rcscct(*<l under kwal anestlie.-iia. The pro¬ 
cedure is very painful and distressing. I scsek to avoid it wheiuiver possible. 

Abscess of the Lung.- 'I'lie trealmeiit of abscess of the lung is drainage 
when practicabh'. (l''(»r technic sec Vol. II.) 

The other e<tmplications of j)neumonia are rare, nor does their treatment 
require sjieeial mention here. 


ALCOHOLISM 

The hahitnal use of excessive amonnls of alcohol greatly increases the risk 
of surgical operations, and remh'rs prognosis after an injury or in cases of any 
infection much more s(M'ions. 'I'lu' loug'<'r the individual has had the habit 
and the larger tin' (jiiantity of alcohol he takes daily so much the worse, and yet, 
hero, cand'ul discrimination is nc'ccssary. .Mcohol is a ixiison to all, but it 
acts dilTerently on dithu’cnt individuals, 'riiere are men who have taken more 
than a (piart of whiskey every day for many years, who yet rccovt'r from a 
serious injury or a serious infection n'qniring operation without nnich trouble, 
oven though all aleohol be withdrawn at once, 'riaw are, indeed, the hotter 
for tho withdrawal. 'I'liey arc*, as a rule, men who have led active lives out of 
doors. 

In other cases even a moderate alcoholic habit may cause the patient to be¬ 
come delirious after a surgical operation or to develoj) i)n(Mtmonia and die. 
Among alcoholics in gem'ral, it is to be remarkcsl that pin'iimonia is very fatal. 

In some cases when alcohol is withdrawn, the. patients, for a few days at 
least, arc greatly depres.sed. If in this group an operation is believed to be 
necessary and there is no indication for immediate action, the best treatment 
I know of is as folhtws: Keep tho patient in bed. F(*cd him with milk, eggs 
and broths at frequent intervals, kee})ing his .stomach full of those things, given 
prcferablv hot. Keep his bowels open with, first, a large dose of calomel 
(T^ raloniel grs. ii, iii or iv with Sodium Hicarb., grs. x) followed by Y> 
to 1 ounce of magnesium sulphate, the following morning. (Jive him Tinct. 
Nux Vomica in. x. t. i. d. in water a. c. and evi'rv morning for two weeks. 
Carlsbad salts 'ss* in hot water before breakfast. Iron and other tonics may be 
given if indicated. 

One of the Ix’st drugs I know of ns a tonic, and sedative is asafetida in 
doses of 3 grains four times a day; it is well combined with extract of nux 
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vomica, Ys S*'®**'> '4 jrrain of {>o\\>lon“i! mix vomica. It in n«loni.ihinu to 

800 how thost' pnticnt.-i will impmvo uiolor this tmifmciit. lii it forlnifflit tho^ 
iiiav Ix' 80 iiitich W-ttcr that aii\ <>nlinar\’ o|HTalion for hernia, for oxainplo, 
or a stricture of the urethra !oa\ 1 k‘ pcrforuu'il with pistil convalesceiii'e. Tho 
tliriH? cardinal jKiints are: 

(1) licst in 1)C<1. 

(2) The howels ojh'u. 

(.‘5) I’leiily of easilv diiri'sfeil food. 

W hen a man lom: dejiendenl upon alcohol i» jml in hial and kept there with 
no nece'sily for ]ih\'ical or nientai ell'.irt. wlieii he i*! fnllv fed with sinipli* 
f(K>d, anil his howels ke|it tre«>l\ ojieii. he Iom'-. ipucldy the craving for drink, 
lie may lie more or less ipiieiK. or for a dav or too ma\ he a litth* restless, 
hnt after a ver\- few davs. if not ohli:ii d to exert himself, the crax int; passes 
olT and .soon he Iwcomes almost it not ipiite noimal. These remarks apply to 
the ax'eraiie voniiLT or ex en middle .'med drnid.arii xxhoiii xve .see in thi* hospitals. 
Ife shonld he jiroteefec] from the necessii\ of xxoirx and mental or [dixsical 
elTort. 

Tt is rjirely neees.sarx' to uixe a sedalixe for more than Ixxo or ihri'e nit^hts 
to induce sleep. Sneli sedatives as \- roiial. tn<m.il or paraldehxd may he em 
|)lo_\ed. .\n ohl formula xxhicli .larei's widi most people is iiselnl xx hen ihesi* 
ptilients are xery tierxoiis. It max l>e xaiied to suit the indixidnal ea.se. It is 
a.s follow.s: 

I? 

nroiiiid of s.iiliutn. 

Cldorid li.xdr.ite. .... 

d'r. of mix X■ imic.i. 

'I'r. of eaii.sieum. 

\Vater nil to a dr.'i>'liiii. 

^f. .'^i(;na. a tea'i'oonfid e\ < r\ I lionr' ni xx.itiT 

This dose max- he ;:iven well diluted with wall r exi-ry three lionrs nntil tho 
patient is ijuieled. when the interxiils max lie inerea.'sed. If the heart is dilati‘d 
or weak, digitalis may Ik- added. 

In sotne ea.ses, chloral in doses of this .si/c> seem.s to make the patients moro 
excited. In the.se e.ir-es the dose of chloral iriax !«■ donhied and ciiffein added 
or .some other drii" must he chosen. In iny c•xperi^■nee, mneh laryer dose.s of 
ehloral mav Iki fiixcn to imlnee .“leeji if the hetirf is in ;rood eondilion. After 
a few’ davs these .sedtifives eati he oi'iitted ; they tend t»j ]»rodnee a certain de¬ 
cree of mental tind [diysieal depression. 

In the treatment of iileoh'disni. .\. l.aTrils>rt jdaee.s n hiLdi vahie on tho 
hyporlcmiie n.se of er^ot, eomhined with sfryehniri. He warns mjainst ^ivin^ 
these drnps hv the stomach, more parfienlarly in delirinrn tremens, lest they 
accumulate in the stomach and later Ik; ahsorlnx] Mtidderily and in dnnpc:rous 
quantity. 
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In deciding for or ngainnt a scrioiw operation in tlic given case, the follow¬ 
ing conditions—one or all—will render the prognosis more serious or very seri¬ 
ous: Marked arteriosclerosis, a rapid, feeble and dilated heart, i. c. a degen¬ 
erated heart inuHclc, marked chronic gastritis, elironie nephritis, obesity, pre¬ 
mature senility, well-marked cirrhosis of the liver. 

No sane man would think of operating on a patient with delirium tremens, 
but, as the result of accidental trauma or infection, the surgeon is often called 
upon to treat these conditions, more especially in hf>spitals. When a patient 
who has an alcoholic habit is received in a hospital sutTering from an accidental 
trauma, it is wise in my opinion to give alcohol in moderate- and diminishing quan¬ 
tities for about a week, together with the sedatives just mentioned. 

When delirium occurs it appears on the second or third day or may rarely 
bo delayed until the sixth. When active delirium develoj)s, the treatment al¬ 
ready outlined in the pn'ccding pages may be used. 

The treatment used by band)ert in 15ellev\ie Hospital is as follows: 

Alcoliol shoidd ho ahsohitc'ly withdrawn in nil cases. 

Eirst and foreitiost, all these [latieiils must hi' trentt'd fnnii the stnndiioiiit of those 
having a (h'generated heart niiiseh', and tlie.v thererore shoidd he stiimdated with 
strychnin (gr. 1/(!0-1/.‘iO, gtn. 0.001-0.002) ever.v four hours or ofteiuo’, or hy (‘affoin 
or camphor, and these are best given hyiMidermicall.v. Strong eolTee or tea can ho 
given in mild casi's instead of the inire ealTein. 'I'he patient should lie given a inirga- 
tivo sueh as eonijiound eathartie i)ills, eomponnd lieoriee jiowder. or ealomel. In 
young, vigorous adults, without any appreeiahle ehauge in their arteries, who have 
reeontly been drinking, an emetic sueh as eopjier or zinc sulphate is oftiai an advan¬ 
tage. TIk'SO should never he given to tdderly persons or to those who aiipc'ar old for 
their age. 

In mild and nhortivi* attacks a dos(> of a <lram of ])araldehyd, repc'ated if neces¬ 
sary in an luuir, is all that is necessary to eaus(> sh'ep. I'roiii whi<-l> the iiatients fre¬ 
quently awake either ehair-headed iir with their delirium lessened. In the severer 
cases the lairaldehyd may he given in dram dosi-.s, nt hour intervals, even up to throe 
doses. (Ither h.vpiioties, .such as sulphoiud, trional, ('te.. have in tin’ hands of the 
writer nsnall.v failed utterl.v except in the inilde.st i-ases. Opium should he resortixl 
to oidy as a last re.sort, and is (’specially eontru-indieated with pronoimeed arterio 
selerosis. llyosein (gr. l/12r). gm. O.OOO.'l) and morphin (gr. 1/fi-hi, gm. 0.01-0.01.5), 
hyp(Hlermieall,y, should only he given to .vonng and vigorous iiidividiial.s in whom the 
motor symptoms are espeeiall.y inarkt'd. llyosein alone tc’iuls to increase the delirium, 
espeeinlly in women. Often in the severest eases a mixture of h.vosein, gr. 1/100 
(gm. 0.000(5) with aiiomorphiii, gr. 1/10 (gin. 0.00(5) and strychnin, gr. 1/550 (gm. 
0.002), will (piiet them and give* at least a f(*w hours’ rest. Hromids are insufficient, 
and in the hands of the writer have been praetieall.v useless. 

Chloral is one of the best drugs when properl.v administered; small do.sos are use¬ 
less, and Lanecreiiux claims that the.v even tend to excite these patients. When the 
heart is properl.v stimulated ehloral hydrate does not have any deleterious effects. 
Lancereaux recximinonds thirt.v to sixty grain doses (gm. 2-4); the combination of 
chloral and morphin is espwinlly advantageous in that smaller doses of each can be 
given and the mixture be more effective than cither singly. The mixture of morphin, 
fTT. Vh (gm. 0.0(5S), ehloral, gr. 1.5-:50 (gm. 1-2), with tinetnre of hyosi’ynmas, .5es 
(2 c. c.), tincture of ginger, m. x (e. e. 0.(5), and tinetnre of eapsieum, m. iii (e. c. 0.2), 
and water to 3 .sa. (e. e. 15) is very effective, and can 1 k’ reiicated nt the end of an hour. 
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These hypnotirs, while ean8iii)r sli'*>p, «lo not ntHH*)isnril,v eut short the ileliriiim, but 
after n sh-t'p of hours the <leliriiuii is often ipiieter aiiil then* is the further 

adrantu^rc of r»*st for the lu-art from e»»«salion of motor exeitement. Of late years 
the writer has iiseil er>;ot hyp..<lermifally in l.ivinjr^ion's solution, wliii-li is as foll(>ws; 
One dram of the solid extraet of er^ot is ilisso]ve»l in an otimi* of sterile watiT and 
three *lro|)s of eliloroform ,iiii| three trains ol ehlorrloiie an' addisl, and the solution 
filtennl; this is sti-rile and shoidii le j;i\in -Ir.iniht into tlu' imiseles in the i^Iiiteal 
region or in the deltoid. It should iie\er U‘ jrixen suls-utaiieously ; if I'an'h'ssly givi'ii, 
it will produee painful spot-. The admiiiistratiou of thirty <lrops of this solution, 
liyiKalermieally, every t«o to f.uir hours, rediues the diluted hlood vessels, lessens 
the variou.s i-ongestioii'. and hrnii.'s al«iut a lielti-r ispnlihrium of the ein-ulatioti. 
After it there is a distinet tendeiu \ to a ipiieter di-lirium and less need of restraint; 
it niluees the tremor, less h\piiotie is re<piired, and it dimiMislies tlii' telidelU'y to 
“wet brain.” 1 he wrilir hi' iu\<r sen s>ioptoiiis of irgoiisiu. altlioiigli thirty 
minims of this solution were ^iim ii e\ery two hours for ten d.'i_\ s or longer. As soon 
as patients awake they iiiiist l.i- givin fm.d. best m the form of milk iir milk and I'ggs. 
This should he regnlarlv (\er> two or three hours iliiring the deliriiiiii, luit if 

asleep they should not he awakeiml lor an\ ri ;ison 

'file trealineiil tor llie "wit hr.iiii" eoiidilioii shonli! he hi gnu as soon as if is 
siisiK'eted. Stryehmii. gr. I iio tn I , ;’,(i. .ami I'l'gol. ho iiiininis, hoih liypoderiiiieally, 
should he given e\ er\ two hoiii'. and ealTi in and e;ini|ilior are ajso of use. The patient 
shoidd he eanfully fed e\ir\ two hours with milk, hroih. and eggs, and lliorougli 
purging is advisahle. .Meoliol siims in mere.iso ilie elTusion. and should not. h<* given. 
Ihiriiig eiin\alesei'iiee. liowiwir, a little aleohol in the torm of eggnog, two or tlirisi 
times a day for a few da\s is ofti n of heiielit. 

A tn’iitineiit has I .. piihlish«sl l.,\' Meltride of Toronto, wliieh lias proved very 

sueeessfiil in Ids hands. The writer has irini it in a few palienls. and so far flu' 
results have heeii all that eoiild he desired It is as follows- As soon a- the patient 
is over the severe i-lTei-ts of his dehaii<-li. or if he is sti.ulily drinking witliout any 
drunken oufhreak, he .should In- givi ii. h,\ iioderiiiiea lly, iline times a day, alrupiii mid 
stryehniii, of eaeli gr. I/IOO (gni. o.fKiOi;); these driigis slionld he gradually ineri.-ised 
until the full pli.V'iologual eireel of tile atropni is ohtaiiied and the patient, is taking 
a thirtietli or even a twentieth of a grain of siryehiiiii three tiiins a day; wla-n tlie 
mouth is eoiitiinially dry and tin- pupils dilated, the alropin should he rnliieed slightly 
and held at fliis'ilosage for four or five days; then hotli the siryi-liniii and atrotdn 
should he gradually redueed, and finally the p.ilieiil slioiild he givi'ii the drug twiee 
daily, then once dail.v. and then eiil off entirely; the length of time reipiireil for this 
treatment is ahoiit a nioiilli or six weeks. Often the eonipoiiiid linelure of einehona 
is achled, espeeially in the inorning, when the eraving for aleohol is greali-st. It is a 
nofieoahle faet that after a few days, usually in less than a week. l)ie ilesire for ahsihol 
has eeu.sed, ninl the thirst from tin- dryin-ss of the nioiilh is easily satisfied with water. 
Mellride reports that lie has triei] fids for a Tiiimher of yi-iirs, and the ]iiitients wfioiii 
ho thus freatisl ten or twelve years ago hiivi- remaiinsl ahstiniuit; this liiis not 
Ixx'ii luiiversally suee«~sful. hut in liis hands it. lias Hin-eeeded in such a large* 
majority of eases that it is worthy of tin- most e.xteiisive* trial, mid it has the s{ie<-ial 
advantage that the patients need not lx* «'oiifiiii-d or iihsr-iil from tlu'ir liornes or oven 
daily work. 

This treatment lias innv lierii in rather extensive iitw! iti .New York f'ity for 
some years and has fiirnislied .sati.sfaetory results. 
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USE OF OPIUM AND MORPHIN 

Before the use of opintii and inorpliin lias produced marked deterioration 
of health and while the heart innscle is still in fair condition, the habit is not 
in my experience a serions contra-indication to a surgical operation. The pa¬ 
tient must by no means be deprived of his accustomed doses or disaster is sure to 
follow. If the total (piantity taken in 24 hours is larfje, it may be diminished 
somewhat and the howels should be thorouf^hly emptied by pnraatives and kept 
active. 

If the patient has long been habituated to the drug and it be suddenly and 
totally withdrawn he will wilt like a wet rag and pass into a condition of mental 
and bodily wretchedness which may speedily end in fatal collapse. If to this is 
added the shcH-k of a surgical ofieration, it is easy to understand that a fatal 
result is very jirohahh;. If, on the oth«*r hand, he >>ets his stimulant at stated 
intervals, even thonf;h s.imewhat less in (piantity, his convalesce nce may be and 
often is as smooth as could be desired. 

The diflicultv in these eases often is that the paticMit does not confess his 
habit, perha[)s does not realize how d<‘j)eiident lu? is upon the drii^r, or fears to 
suffer the shame which a kiiowledue (tf his slavery will ('iitail amoiif; his friends, 
or in other eases the family will unwisely withhold their knowh'djrc of the con¬ 
dition and permit the surfjc'on to operate in imiorance. Therefore, the symp¬ 
toms of (dironic iiiorphinisni, and more (‘specially the symiitoms of di'privation 
from the drufj:, should he well understood by every sursic'on. In my ('xperience 
those who take niorphin hahitnally do not realize what ahstiiu'iice mi'iins. They 
never nhstain lonjj; enoiujih to know more than the jinmionitorv symjitoms of 
deprivation. When any sliiiht additional call is made iijiou tlu’ir eneriiies, they 
naturally think that it can belter 1 k‘ met with just a little of the customary 
stimulant. ']’he little must he increased to more, and that to still moiT, until a 
grain or two becomes just a small stimulating dose which scarcely counts in 
the day’s allowaucc. 

It is, therefore', important for the surgeon to sea'k the eonlideuce of his 
patient in any suspe'cted case of drug addiction in order that a proper under¬ 
standing of the conditions may be kintwii and proper jueasurc's may be taken. 
This can best be done by placing the patient in a hospital, taking away every¬ 
thing in which the drug could be concealed and having him constantly watched 
for a day or two. If he is addieU'd to opium or morphin, certain symptoms will 
certainly devi’lop within twi'uty-fonr hours. They will vary in intensity, a<^ 
cording to the duration of the habit and the (piantity taken. They are yawning, 
violent and repeated sneezing, a profu.se discdiarge of tears from the eyes and of 
mucus from the nose, cramps in the h’gs and back, profu.se sweating. The skin 
is at first Hushed, later cold and claininy. and the sweating is often most marked 
upon the forehead and at the back of the neck. The sweating may bo preceded 
by chills alternating with Hushes of heat up and down the spine. The yearning 
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and craviiifr for tho s<turi*e of j>oa<v. t*a«* and comfort aro such iJiat the individ- 
unl rcpirds it as his riaht as fl)on>;li wlaai thirstv In* \vt*r(* dt'privcd of wati>r. As 
tho hours pass, after tin* time ol tlie hahitiial •io-.e. llu* patiiMit Ixs'omos pale, tho 
face has an anxious drawn oxpre".ion, *'xtrcine re.^flessiu'ss appears, he thrashus 
al)out ill hetl, and tlu*re inav he \ ioleni jjieiilation of the limits ami an utter 
inability to lii' still. A li'elin^' ol coiHlrietion about the ehi'^t is eompla'.ned 
of. and th<? respiration is siahimr. The palienl htv-onies verv weak, with a 
rapiil, thready jmlse. lb' can liardlx slami oi' walk. naus«'a and vomiting' are 
eommou, and witliin a d.i\ or two a proliiM' diarrliea. This last mav still 
further weaken Ihi* jiaiiiuii ami in had t-.i^c^ the \oniitiiii; and purain^ mav eon- 
tiiiuo until he jtasses inl<i a fatal collapse, lie max heconu* hxsiericiil or evi'H 
maiiiii<>ii1 and atfemjit suicide, or nuiriler: collapse xxitli heart l;iilure mav sud¬ 
denly follow and the jialient max <lie. nidess m<iiplim he ai'en, xvhen the svmp 
toms ilisappear like niaaie and he is himsell aaaiii. If .sm-li sx nipfoins oeetir 
and tlnm smhlenly cease without treatment, it is certain llial. the patient has 
uhtaimsl liis <]rna '-somehow. 

'I'he sutferitiiT troin ahstincnce is so are.it that patients will resort to any 
expedient to obtain tlie <lrna. and H'e ari.il cuiimiia ami skill in Itidin;' it, 
seereting it iti the toe of a heilroom slipper, the iiisiile id a sock on the fool, a 
cigarette east*, between the leaves of a hook. etc. 

One ol tli(‘ tiiost eoiiiiiioii results ol the ]>ro|onaed iise of opiiini ami inorphin 
is enKirldlItin, leaditia in the end to prohaimi cachexia, ratieiils in this con¬ 
dition should tint he operated upon it it he pos.ihle to avoiil it. ’I'he eomlilion 
of the heart and of the kidiicvs should he looked into carefullv in such laises, 
.since tiie heart niuside is often deaeneraled and the kiilncvs fanltx. boss of 
hair and teeth occurs diiriiia the adxaiieed staacs ot chronic morphin [toisoniiiL’’, 
usually xvith extreine phxsical weakness and emaciation, and are si^jiis id’ ill 
omen. In such cases the proi-esses ot i-epair and resistance of tho lisHiies to 
infection are greatly diminished. 

If ojteralion he decided upon and delax is permissible, an attempt should at, 
iirst be made to improve the gemu-a! eomlilion. .Most iinportant i.s it to get 
the alimentarv tract in a state to absorb food. lo this end. repeateil doses of 
ca.stor oil are useful, gixen dailx lor a xxeek or loneer, in I-oiince do.ses, t)r 
• o-ounce twice or -‘5 times ilaily. 

As a tonic, strvehnin max he giv«*ii snhenlaneously in do.ses of gr. l/dO-l/dO 
.several times a dav. For patients in Is-tter general c-oiidition, timdnre of mix 
x’omica, citrate of iron and rpiiniii and tincture of r-ajisieum are useful. I'he 
aulx*utnneous use of (‘rgot as in alcoholism is highly sjiok<-n of by ,\. hunilM^rt. 
Tea and coffee, and for a time alcoliol, in moderate doses may lx- given. Kgg- 
nog made xvith milk, egg, and hramly. .sherry or rum, given .‘5 or 4 times daily, 
helps grcatlv to make the.se patients more eomfortahli' and to improve nnfritiori. 

If the patient floes xxell after fiperatifUi and is anxious t»i he rid of his hah’t, 
an attempt max’ lx? made to cure him hy the rather rajiifl inetho<l of witlnirawal, 
i. 0., the do.se i.s n:duee<! onelialf each <lay until in a fexv day.s the drmr i’ 



uu KELATIONS OF MEDICAL DISEASE TO SURGERY 
% 

entirely withdrawn. The suffering is severe, but the very gradual withdrawal 
is tedious and trying in the extreme for lx>th patient and his attendants. 

He will require constant watchfulness day and night and is 1)est placed in 
a hospital or special institution. Tlio suffering for the first few days is severe, 
and the patient recjuircs every possible aid and eueoiiragement. 


USE OF COCAIN 

The use of cocain as a local anesthetic, either subcutaneously or locally 
upon mucous surfaces, while still general, has been supplanted to a great extent 
by nov(X3ain usually eombined with adrenalin. 'I'he latter combination pos¬ 
sesses two advantages, i. e., it can be sterilized in solution without destroying 
its effects and is much less poisonous. 

Wo are hero concerned with the habitual us(! of cocain as a stimulant and 
what effect, if any, such use may bav<; upon tin; imlividiial considered as a 
surgical risk. Of the three intoxicants in most eoinnion use—ralcohol, morphin 
and cocain—the last named is the most rapid in its dc'strnctivo effects upon the 
body and mind of its victims. It is tak(m either by sniithng, by imnith, or 
aubcutancously. The doses vary, and may reach a maximum of gr. liO-OO daily. 
In those not habituated to its use grain may be a dangerous subcutaneous 
dose in the adult and a much smaller f|uantity in children. .M.nny jx'rsons take 
morphin and alcohol and to combat the depressing after-effects take cocain. 
Others take cocain n.s tludr principal stimulant ami alcohol or morphin or other 
hypnotics to put them to sleep. 

The primary (dfects of a moderate (non-poisonous) dose of cocain are an 
intense mental and bodily exhilaration, said to be more agreeable than any 
other form of intoxication. 'I'la'.sc' effects an; brief in duration, and are aecom- 

t 

panied hy an increased pulse rate, by an irrepressible mental and motor 
activity, and, if the drug is taken at night, arc followed by in.somnia. Sweating 
is also a symptom of cocain intoxication. 

When taken habitually, cocain produces insanity. These patients early 
lose solf-resjHTt and all sense of responsibility. 'I'liey Ix’come careless of their 
affairs and lie without compunction, later delusions of grandeur arc present, 
the individual believes himself capable of wonderful feats of physical and 
mental strength, lie may be furioiusly Industrious in his profession, but his 
actual accomplish men t is inferior to normal work, lie often Ixilieves that he 
has discovered new methods or new principles and has developed new theories 
of great importance. When critically considered, his methods, principles and 
theories are found to bo borrowed from well-considered ideas of sane men, 
already well known, or else they are mere eidolons, without substance and of 
no practical value. TIo may talk or write incessantly, but what he says or 
writes is confusetl, wandering and useless. 

Soon, hallucinations of the various senses occur, and delusions of persecu- 
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tiou are acl«lcd. The patient is nervous and irritable, and sleeps b>it little, 
unless, us is eoinnion, he takes iiiorphin, aleohtd. chloral or any hypnotic he euu 
get. Motor excitement and iiuttor ataxia s^khi UN ome so marked that in walk¬ 
ing he wanders all ovit the sidewalk. If lu* takes up a gla.ss of water to drink 
he may drop or throw tla- glass across the lahh’ or n)>on the floor at the far 
side of the riMim. Kmaeiafion is rapid and iiiarki‘il in thesii cases. If the 
ecx'ain and other drugs Ik? stopped the patient nvovers after wrvks or 
montlus. 

It is said to ho easier to stop the um' of cm-ain than morpliin or alcohol. 
Hut while addieted to tin? tir.st. the individual is a bad surgical risk, lu order 
to be cured he must lx- juit under rcsti;iint for a long time. 

A triithfid man lias tnld me that smin after c..cain ... available, bi> took it 

fl.s a Htimiilaut and found it most a^rris-alilc. He ii^id it imik Ii ms the avi-rairc drinker 
tnkr-s aleoliol, as a pleasant niiaiis <0 csi-npc friou inri' and tlic daily annoyances of 
life, and nse<l to sit and n ad pleasant books aiul i iijio Innisi lf, Hi' was a man of 
middle age, in good ia'altb ainl \wlh a pbysjipie niiinipMircd liy dissipation, liis muxi- 
muin (lose was -Id grains of eoc.-mi. He decided tli.it the dnm innfhi lie dangerouH, 
stoiijUHl at once, and lias never taken aiiotber dose (or more tliaii 'J.'i years. 

The iK'fvoiis and pli\sieal degeneration exliildted hy the eoeain hahittn' 
ill a short linu’ are iiiiieli more marked than is to be observed in morpliin cases, 
except tho.se \’ery far gone in elimnie nior|iliin poisoning; and yet llut formt'r 
can, when under restraint, be more readily bronglit back to a eompurnliv’ttly 
nornuil eoudition if taken in time. 

d'lie main dillienlt\' about enriiig lli<‘ eoeain liabil is lliat tliis drngr is rarely 
used alone. Its etfeets, tlioiigli ileliglittill, are e\aneseent, ami tin* alter dejires- 
sion follows ([iiiekly, ami is of a mo-'t damnable de.seri|itioii. A man wliom f 
knew manv vtairs ago, ami wlio was one ol the lirst eoeain Inibitiies, told mo 
that the do.se had to he repealed every hmir in onier to keep eoniforlalile. Shstp 
without .some hypnotic was ini|io--silde. lie ii'cd whiskey ami niorphin and, 
iteiug a sensible man, later had liini'cll locked u|» lor a year and a half. IIo 
still survives after nearlv d(t M-ars, is a di'tiiigiiisheii and useful man, and 
never went hack to liis slaverv. 

I am not one of those who prefer local anesthesia for surgical eases. 
Aly ohjeetions are that with local anesthesia many o|)eration.s are very piiiu- 
ftil, even with tlie most ,skillful n.se <>f the anesthetic, and entail nriimces- 
sary sufTcring. I'lie fact that the patient snlTers is ajd to eau.se the ojHirator 
to hurry and iiiav well impair his teehnie. .\t least, his afteiitioii euiiuot 
be given so eomjdeteK to the operation, and this may eaiise some seyimis error 
of omission or eomuiissioii. I he wound healing is abo sometimes le.ss perfect 
ill my oxperieueo than when a gmieral auestlndie is iisisl, (lue jiroliiihly t<) tech¬ 
nical errors in .sterilization of the solution Injected. 

There is in my opinion an unwarranted fear of general anesthesia in eertuin 
groups of cases. I refer particularly to njmratiouH for exojihtlialmie goiter. If 
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gkillfully given, general anesthesia by gas and ether does not materially in¬ 
crease the operative risk in these cases. 

Where sequestration of the part is possible, as in the extremities, local 
anesthesia offers advantages in certain cases, notably in diabetes, arterio¬ 
sclerosis, nephritis and where the heart muscle is degenerated. In tbCse cases 
a general anesthetic may increase the ojmrativc ri.sk, and with care even ampu¬ 
tation of the thigh may be done with relatively little pain. In diabetic cases 
of gangrene of the foot and leg I have amputated in the middle third of the 
thigh with sequestration anesthesia of novocain and adrenalin, with only the 
slightest pain in cutting the sciatic nerve and none at all in sawing the femur. 


SYPHILIS 

Speaking broadly, syphilis, even in its earlier and more active stages, is 
not a contra-indication to surgical operations. These patients, more especially 
if put on active treatment Ixiforc and after operation, do about ns well as others. 
The surgeon runs some ri.sk of infecting himself, and yet, if gloves be worn, 
such risk, as shown by experience, is slight though real. 

There arc, however, many cases where the surgeon docs not know that his 
patient is syphilitic. The wound may heal in a sluggish way. There is no 
active infection, and yet the healing is not ideal. The wound edges normally 
united in a week or less do not agglutinate. A drainage orifice docs not close 
as it should. There is little or no discharge, and yet, somehow, the wound does 
not heal and close as it should. Enquiry, or the Wassermanu test, may reveal 
a history of former infection. Neosalvarsnn and mercury by inunction and 
iodid of potassium internally, in moderate doses, will work a magical cure. 
Since we now have a Wassermanu tost made almost as a rule, many errors are 
avoided. In many of these cases a spirit of kindly humanity will cause the 
surgeon to allege to friends that a suitable toTiic was all that was needed to 
cause the wound to heal. 

There are, however, many oases of active aTid late syphilis where the ques¬ 
tion of a surgical operation and the decision of this question are a very serious 
matter. In cases of severe syphilitic cachexia owing to want of treatment or 
in cases severely poisoned by mercury, operations arc strongly contra-indicated. 

I have seen cases of early malignant syphilis where in spite of the most 
active and careful treatment the lesions were severe and recurrent. If not 
improved by neosalvarsnn, these patients should bo sent to the ‘^lot Springs 
of Arkansas^’ and after a sojourn of six weeks or two months thej' will usually 
return well, all active manifestations gone and in good general health. They 
are then good surgical risks, and any operation of expediency may be done with 
nearly the same prognosis as in a normal imfividual. The operator must, how¬ 
ever, boar in mind ,|^at his own risk of infection may be the same, and that a 
slight abrasion or a needle prick may make him also a syphilitic. 
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Cases'of late syphilis (taWtit's") War ojN'rnlions quite well. Ordinary 
fractures usually unite, hut mie eautirui may not la* out of plneo. IJosoction 
of a Charcot's knee joint is followed hy iion-niiiou so far ns my experience fcoea. 
Another observation worth nvnrdinsi is tluil, in talauies, jawforative appendi¬ 
citis may not present the idiarueteristie si"us and symptoms. Pain, rijyidity and 
tenderness may be slight, and yet there may lx* an c*.\lensive pnrnlent exudate in 
the abdomen. 

The relation of syphilis to atieiirysm is wi*ll known, probably more than 
fifty percent, of true anenr\snis (H-enrrimr in .syphilitic snbjtvts. I ndc'ixl, sineu 
syphilis may attiiek any ti.-sne or orean in the body, its relation.s to snrp;ery nro 
very extensive. .Most iniportajil it i.s that tin* snr^o'on .should Ik* able to rocopf- 
nizc syphilitic lesions when In* -(■< s them, and that c-verv student of mediuino 
should receive thoroiifib clinical training; in the diatrnosis of syjdiilitic. lesions. 
Since the sevenil blood te.sts for i^yphili- have, as stated, come to Ih! a routine in 
any doubtful ease, it is astonishiiiij to iind how laifr** a j>ereentafjo of the popu¬ 
lation is syphilitic. 


TETANUS 


Of the complications followini* snr!*ical o[>erations there is none moro ter¬ 
rible than tetanus. Fortunately it is very rare. .\nd yet it may oecnir oven 
though every possible aseptic precaution has been observed. When it devalops 
in this way, tlio attack is as a ruh* acute and rapidly fatal in spite of treatment. 
Accidental wotiuds are followed hy t<‘tanus in a small proportion of euH(*s in this 
vicinity. The disease is eoitunon in the tropics. 

Contused or hu’crated woumls with einbe<ldeil foreign bodies, punctured 
wounds, wotimls of tlu; e.\treiniti<*s notably of the hands and f«iet - are those 
most likely to Ih* inf«*<*ted. 'I'he .-onrees of infection are, garden soil and street 
dirt, manure, other feces, toy pistol wadding and the like, iinjjure cow pock 
vaccine, and inipcrfe<'tly sterilized catgut in surgical ojierations. 1 he treat¬ 
ment of the disease receives attention »*lsewlurr(“. I shall nu'ntion here briefly 
the prophylatic ineastires in common u.se. 

All wounds in which tetanus iufis’tion may Is* susjx'cded should 1)0 most 
carefully disinfected by the thorough application of tincturo of iodin, Chlurop- 
aky’fl solution, 

Carbolic acid . 

Camphor . 

Alcohol . 10 

M. 

or pure carbolic acid (wa.sh with alcohol). The wound ma^ need to be laid 
open for the purpose. Careful .search ami removal of foreign bodies is indi¬ 
cated, The patient then receives an injection of at least 500 units of anti- 
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tetanic seruin, tft once. Wlicn tlic symptoms; of lockjaw, etc., have’ developed 
the serum is of little use, and other measures (see Volume IV) must be* 
added. 


DIABETES MELLITUS 

The prescnco of sugar in the urine is a contra-indication to all surgical 
operations cxcoj)t those wliich are ahsoliitely iicces.sary. 

If in additic)n the urine contains acetone and diacetic acid the risk is greatly 
increased. If also Hcta oxyhntyric, acid is present the patient is in a dangerous 
condition and is likely to go into coma at any time. Persons in tliis condition 
who receive a general anesthetic and undergo a serious surgical procedure are 
very apt to pass into diabetic coma and die in a few days. If, as in cases of 
diabetic gangi'cno, it becomes nece.s.sary to o|)erate, the patient should bo put 
Upon diabetic diet, and if acidosis is present sboidd receive large doses of 
sodium bicarbonate. 

An attempt should bo made to deterinino the quantity necessary to render 
the blood alkaline, this being a fair measure of the ])aticnt's resistance, accord¬ 
ing to Blum. In mild ca.scs tliis ([iiantity will be about 20 gm. daily; in more 
Bovero cases 2()-;{() gm., in bad cases r>() gin. In cases of coma no amount of 
sodium bicarbonate taken internally will make the blood alkaline. Wiener con¬ 
siders that when the daily c.xcretion of ammonia e.xcceds 1 gm. serious surgical 
procedures are contra-indicated. 

A local nieasiiro of benefit when moist diiibctie gangrene is present is the 
application of dry liciit in the form of a blast of hot air. 'I’liis is aci'ompli.sbcd 
by a special electrical apparatus. This apiilication should be made for a 
half or tbrco-cpiarters of an hour daily and should be applic’il to living as 
well as dead parts, since an active hyperemia is jirodnced, tberdiy improving 
Jiutrition. 'I'o the living parts the temperature of the air may be SO” to 100° 
C. To the dead tissues 200” to ;J00” (’. or biglier. I>y this means the dead 
tissues are rapidly desiccated, bacterial growth and septic absorption arc dimin¬ 
ished, tbo pain and evil odor are lessened, and the general condition improved, 
BO that with a proper diet the patient may be changed from a hopeless to com¬ 
paratively good surgical risk, and an amputation be done with a successful 
result. 

» In a largo proportion of these cases a marked degree of artcrio-sclerosis is 
present. This may bo treated with tbo vasodilators. The best of these is 
iodid of potassium, which may bo given in .5/10 grain doses well diluted in 
water, t. i. d. 

Tbo surgical complications of diabetes depend largely' upon a diminished 
resistance of tbo tissues to pyogenic infections. The most common are boils, 
carbuncles, and gangrene of tlie.tocs and foot. In addition, acute progressive 
necrotic infection of tlie toes and sole of the foot and chronic perforating ulcer 
of the sole of the foot are not uncommon. 



DIABETES MELUTUS 


175 


The gangrenous prot'osses arc ass<K*iutCHl witli urtoriosolcrotic chnngea in 
^tbe arteries supplving tlie j>art, wiili eompleti* or jairtiul <il)litc<rati»)n of tlioir 
calibers, sonietinies with tluoniliosis. 

In treating these priKH'^ses Mirgicallv bv iiuMsi»ni of Ixiils, excision of car¬ 
buncles, anil amputation ot gangrenous menilH rs, \\(‘ art' soiniMiinea able, by 
diet anil other measures, to im|(ro\e the patient's general eoiiLlition aiid bring 
him to the operating room ii better snrgieai risk. Moreover, with improved 
resistatiee, a less radical operation may .-ntlice; for example, removal of ono 
or more tot's insteail of amputation fhrongh the tliiah. tbn* caution is hero in 
order, inimely, if the inieetion is <preailinir rapiilly or is acute, as in moist 
gangrene of the foot with septic absorption, which resists the measures already 
described, or in earbnnch- of’the bai-k, the risk of a radiiail o|>eralion i.s les.s 
than that of delay. 

Diet.— In ea.sc.s where the delay is permissible wi' prepare tin* ]ai(ient ns 
stated, by diet and other agents. This diet treatment has Ix'en studied ainl 
formulated with great care. To be etfeciive. it nm-t be carried out with skill 
and watchfnlne.s's. Tlu'details are .so import.’inl th.il 1 here tpmte in .some detail 
from an artiide by Thomas 11. I'ntidier in tiler's “.Modern Medicine'’ (Vol, I, 

riiapter XXIX); 

‘‘We have .seen that tin* .svniplnms of diabetes are directly or indiriH’tly do- 
pendent upon the hyperglycemia, the <:rad<- of which is pretty aecnralidy 
indic.'iteil by the amount of glinsi.si- exi-n-ted. (bir ol)iei-t. tln-refori', should 
h(' to eliiuinate tlii' h\pergiieemia if possiide. Tliis will be most ipiiekly 
effected by entting out of the dietary lho>.e const it n<-nts that are most readily 
converted l»y the digestive processes into graiiesncar mimely, the earlK)- 
hydrates. 

‘‘When a diabetic j)atient eome.s ninler observation, it slionhl he the jihysi- 
cian’.s first duty to a.si-ertain the patient’s capacity to vvareh<inse, earbohydratos, 
or, in other words, to determine his foleraiu’e for <-arbohy(lrale.s. 'I'his is dorio 
by placing the individual for .-it lea-f live d.-iys on a diet alisolntely free* from 
starches and sugar; that is, on a proteid fat diet. In so doing hi.s weight, must 
betaken into consideration iind the iliel .so arranged lliat it will |irovi<le iipfiroxi- 
matcly forty calories for each kilo body-weight. '1 his can, as ii rule, he fairly 
readily done—and in !i hosjvifal work should always hir doni! !ih the {iroteid 
and fat percentage of the varion.s foods i.s given in some of the standard works 
on dietetics. Knowing that 1 gram each of [)roteid and carbohydrates yields 
4.1, and 1 gram of fat, ft.lf heat units, the calorie eipiivalent of the diet can be 
readily calculated. As the earbohydrate.s. which ordinarily provide the largest 
number of calorics in our diet are cut off, it will be seen that the j)roteids and 
fata must be largely increasisl to make up for this ileficit. Before arranging 
the non-carbohydrate diet, the individual likes and dislikes of the patient should 
be ascertained, so a.s to secure one that will Ik; most jialatiible and ono that will 
likely be entirely eaten each day during the fe.st. The following may bo used 
as a ‘standard’ diet for toleraricc test, subjec-t, to Ixj sure, to variations aeconl 
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ing to the patient’s age, weight, apd likes or dislikes for certain forms of 
meats: 

“Breakfast. —7.30 a. 120 grams (5 iv) beefsteak or mutton chops with¬ 

out bone; two boiled or poached eggs; 200 c. c. (5 vi) of tea or coffee. 

“Lunch. —12.30 v. m. 200 grains {% vi) cold roast beef, mutton, or 
chicken; GO grams (* ii) celery, fresh cucumbers, or tomatoes, with 5 c. c. 
(3*i) vinegar, 10 c. c. (7t ii) oil, pepper and salt to taste; 20 c. c. (.3 v) whiskey 
(if desired) ; 400 e. c. (5 xiii) of water or Apollinaris water; 60 c. c. (5 ii) 
coffee. 

“Dinner .—6 p. m. 200 c. c. (* vi) clear bouillon; 200 grams (5 vi) roast 
beef; 60 grams (f, ii) lettuce with 10 c. c. (.") ii) vinegar; 20 c. c. (3 iv) olive 
oil, or three tahlespoonsful of some well-cooked-green vegetable, as spinach; 
three sardines a I’huile; 20 c. c. (o iv) eoguac or whiskey (if desired), with 400 
c. c. Apollinaris water. 

“Supper .—9 p. m. 2 eggs, raw or cooked; 400 c. c. Apollinaris or seltzer 

water. 

“With the four meals at least fifteen grams (about Tt iv) of butter should be 
used in making the gravies and with the eggs. No milk or sugar is permitted 
with the tea or coffee. Saccharin may ho used to sweeten them. The time of 
taking lunch and dinner, of course, may he reversed. This daily diet should 
provide a person of 60 kilos (132 pounds) with a little over the requisite 2,400 
calories for au individual of that weight. One precaution must be emphasized 
here. If the patient has h(!en eating fnujly of stundies, these must be cut down 
slowly for two or three days before he is placed on the standard diet. Any 
sudden and radical change from one diet to another is liable to indxico coma. 
As it has been found that a dog must fast five days before the glycogen of his 
liver has been all used up, it is well to keep the diabetic on the above diet for 
at least five days; by so doing it practically eliminates the possibility that any 
sugar excretion at the end of that time is derived from the stored-up glycogen 
of the liver. 

“While on this diet, the total amount of urine should be collected for each 
twenty-four hours, mixed, measured, and the sugar determinations made from 
a specimen of the twenty-four-hour amount. The reduction in the sugar excre¬ 
tion is often very striking in the first twenty-four hours. If the patient be¬ 
comes aglycosuric within the first five days the case may then be considered a 
mild form of the disea.se, and it is then desirable to ascertain how much starch 
can then be added to his diet without sugar appearing in the urine; in other 
words, to determine his tolerance for carbohydrates. This is probably best 
done by allowing the patient a weighed quantity of plain white bread, which 
contains approximately about 5.5 per cent, of starch. For the first day 25 
grams of bread may be allowed. If sugar fails to appear in the urine 
another 25 grams (a little less than 5 i) may be added to the next day and 
so on until glya)suria <locs develop. The formula for the tolerance is as 
follows: Tolerance = Standard diet x grams starch, x representing the 
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number of gnuns of stim-li the piitient i*iin take witlioxit aiigHr Appearing in 
the urine. 

**lf tlie patient eontiuiies (n i-xcrete aiiirar after being on the f»ta!niar<l diet 
for five <lnvs, it iiulieate.s that ln‘ i-< MilTering from a s<‘vere form of the dia(*am. 
It further nieiins tliat flie foloraiu-e for farlM>livtlni(es is entirely destroyed, and 
that the sugar eliminated in the nrino is maim fart nre«i from liis tissiie-alhiimins. 
In the eases in whieh glyco-uria |u‘r-ii-'(s after the jiatient has Ihhmi on the non¬ 
carbohydrate diet for live da\s. Xannyn recommends that a ‘Unngi'r Tug,’ or 
hunger <hiy, Ik* instituted, ilnrin^ which time' no food wlialever is taken for 
twenty-four hours, in a <‘ertain ju-rcentaye of these i-ases the ]iatienls will bt‘- 
come agKeosnrie as n result of ilie starvation day. Nannyn's reason for estab¬ 
lishing a hunger-day is to remove the hv peiglvcemia even though it Ik* for 
only twenty-fonr hours. l!y so lioiny he claims that the toleranci* for starehes 
is increased, atid that it is then po'.silile to give small i|nantities of starch with' 
out glveosnria occurring, vvhi<'li, vvith<nit the longer day. vvoiihl not lw» waro- 
housi'd. 'J'he ineri'aseil lolerance i* U-lieveil to he due to tin' tissues si'cnring 
a t(*mporary rest from sugar formation. I'he writer's experience with tlio 
liunger-ihiy is that it is useless to a<i\ise it if the percentage id sugar is 0.5 
or over, as when it is that liii;li the sugar rarely entirely disajipi'ars. In tho 
treatim'ut of diaheties it is nio,-.t advi-alde |o put ihi'in on such it slaiidarfl di<Jt 
at least every three' months in order that their toli'iaiiee for carbohydrates may 
1)0 increased. 

“Tlic foods the (liahetie slionld he warned against takiiiL', esee]»fing witll 
tltc j)crmissiott tif the phvsieian. are as hdlows; Ilread of all .sorts, wht'nten, 
rye, ntnl brown; all farinae<‘ous |ireparatioii- sm-h as ricr*, .sago, ta])io<‘a, hominy, 
senniliua, arrow-root, ami vermicelli. 

**Tliiek soups are to he av<iided. .Vniomr meats, livi'r is ahont. the only ffirm 
to be proliibited, owing to the glycogen it ••ontains. l*or the* same rt'iisfui, oys¬ 
ters are, sometimes jirohihited. 

“.All .starehv vegetable-: Potatoes, turnips, ]»ar.sni]»s, wpm.shea, vegetable 
marrow, beets, eorn. peas, ami artichokes. 

“Beverages: Beer, the .swi-et wines ainl svvec't aerated drinks. These arc 
exclinlcd owing’to the sugar, and iml to the alcohol, they ermtaiu, 

“Fruits: (!ra])(‘s, dates, jigs, c-nrrants, raisins, drii'd prunes and plttma, and 
other dried frtiits rn'h in .sugar, .slionhi is* forhiddi’ti. f ertain frtiits Htieh as 
peaclie.s, nprieot.s, stewed green goosi'lK'rries may be permitted in mild cases. 
Some autlioritie.s on this disease are inclim'<l to be rather more lenient in regard 
to fruits. It is well to rememlsT that levulo«e t fruit-sugar) has Iteen shown 
to be tolerated better I»y the dialH'fic- patient tlian any other form of stigar, 

“Sugar for sweetening pnr[>o.ses mn-t lie omitted, AVitbont the j)hy8ieian’H 
permission, milk nin.st not Is* taken. 

“The following foods the .lials-tie may take mieonditionalW: Soups: 
Bouillon, ox-tail, and turtle; broths, soups with marrow and eggs permitted. 
Fresh meats: All the mnscnlar part of the ox, calf, sheep, pig, deer, wild and 

18 
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domoBtic birds—roast or boiled—warm or cold, in tbeir own gravy or in a 
mayonnaiso sauce. 

“Internal parts of the animals: Tongue, heart, brain, sweetbreads, kid¬ 
neys, marrow-bones, served with non-farinaecons sauces. 

“Preserved meats: Dried or smoked moat, smoked or salt tongue, corned 
beef, American canned moats. 

“Fresh fish: All kinds of fresh fish, boiled or broiled, prepared without 
broad crusts or cracker-meal and served with any kind of non-farinaceous 
sauce, preferably melted butter. 

“Preserved fish: Dried fish, salt or smoked fish such as codfish, haddock, 
herring, mackerel, flounders, salmon, sprats, cels, etc.; tinned fish, such as sar 
dines in oil, anchovies, etc.; caviar. 

“Eggs: Raw or cooked in any way, but without any mixture of flour. 

“Fresh vegetables: Green lettuce, cress, sj)inach, cucumbers, onions, as¬ 
paragus, cauliflower, red and white cahhuge, French beans. The vegetables, 
as far as they are suited to this method of preparation, are boat cooked with 
moat or a solution of Liebig’s Extract and salt, with plenty of butter. The 
addition of flour is not permissible. 

“Preserved vegetables: Tinned asparagus, French beans, pickled cucum¬ 
bers, mixed picklc.s, sauerkraut, and olives. 

“Spices: Salt, white and black pepper, Gnyennc pepper, curry, cinnamon, 
cloves, nutmeg, Fuglish mustard, and capers. 

“Cheese: Noufchatel, Edam, Stracchino, old Camembert, Gorgonzola, and 
other fat and so-called cream cheeses. 

“Beverages: All hinds of natural and carbonated waters, cither clear or 
with lemon juice, or with rum, whiskey, cognac, and cherry brandy. Light 
Moselle or Rhino wines, claret, dry sherry, or Burgundy, in amounts pre¬ 
scribed by the physician, (^offee, black or with creaju, without sugar but 
sweetened with saccharin if desired. Tea, clear or with cream or rum. 

“From this list it will bo seen that the number of articles not containing 
starch the diabetic may choose from is (juito extensive, and permits him to 
vary his diet from time to time. In making up the standard diet certain 
articles in the above list may be substituted for some of those in the diet 
outlined. 

“Bread is the article of diet the entting off of which the diabetic tolerates 
least well. Sooner or later a craving for it is inevitable. Various substitutes 
have from time to time been put on the market. The oldest of these and the 
one in moat extensive use is gluten bread or biscuits made from gluten flour, 
first introduced by Bouchardat, in 1841. It is prepared by washing away the 
starch from wheat flour. The text-books on cooking give recipes for making 
broad and biscuits from this flour. Many firms claim to make pure gluten 
flour. Others are more conscientious, and state the percentage of starch their 
various preparations contain. It is easy to demonstrate that these gluten flours 
almost without exception contain starch, by adding a few drops of Lugol’s soln- 
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tion. A blue, or even black, reaction ia obtained, according to the amount 
of starch present. 

“Anotlicr snlistitntc is bread or biscuit made from aleunmat flour, advo¬ 
cated by Ebstein and prejiared l>y Dr. Hiimiban.sen of llatnm, Westphalia, 
Germany. It is n vo_:'etable albniuin prepanMl liy a s|Hvia] pro«t*sa from wlicat 
It contains from SO to !I0 per eeiif. i>f alliumin in dry substance and only 7 
percent, of carlH>liy<lratos. In making liread from it, a eonsidi'ralfle jHTcentago 
of starch had to bo added. 

“Flours prepared from soya Ixain, almonds, cevoanuts, and Iceland moss 
havo had their ad\CK-ates as sidtstitutes for wheat (lour. I'he writer’s OitjKiri- 
cnco has been limitc<l to the ust* of gluten and aicnronat bread, and it has taiiglit 
him that patients eventually tire of them ami they still crave whito wheat 
bread. Owing to tin; e.xpeiise and the niireliahility of most glnt(>n tlonrs, tho 
writer has given up their use. It is much hetti r to allow a dialM-tie, to have 
daily a definite weighed (plantity of white bread, the starch piweentage of which 
wo know to Ix) about a.'» per cent. It is well to have the hnaid thoronglily 
toasted. Well-toasted graham bread may lie n<ed as a substitute with advan- 
tago. 

“Starch, in the form of potato, is thought to he more easily nssiinilntod 
than wheat starch, and the ('omparativcly recent work of .Mosw' upeins to l)ear 
this out. The observation.s at tin* .lohns Hopkins Hospital tend to ('ontirm this 
view. JIo.ssi' allowed his ease's 1 to l..'> kilos ('2 to .'5 pounds) of potat(H'.8 daily. 
He says that there is a marked amelioration of all the distrc'ssing symptoms 
under the potato treatment. It is best to bake the potatix's. Nannyn does not 
speak very enthusiastically of this special cure in his last edition. Ho thinks 
that, W'hen benefits result, it is mainly due to the fact, that the diet in the oaso 
heretofore ha.s not been properly arranged so far as the allowance of carls)- 
hydrates is concerned, ^^)n .Xoordeii recently has advis-ated very strongly a 
specially prepared oatmeal, and has claimed remarkable results in eliminating 
glycosuria. 

“In mild cases of dialK'tes (those who have Is'c’onm aglyensurio on tho 
standard diet), tho U’-st course to piirsno is to a'ld to this stamlard diet weighed 
quantities of well-toasted whito bread, tho amount to vary with tho toleranco 
of tho individual. Occasionally, a r<»ast potato may Ik; Hiilmtitutod for tho 
bread. In these cases milk is especially useful, as it eontnins only between 4 
and 5 per cent, of lactose, which is very well assimilated by dialxitics. A pint 
or a pint and a half, accordingly, may 1 k) jiermilfed daily. Tho monotony of 
the standard diet may Ix! from time to time relieved by making substitutos from 
the list of unconditionally allowalile foods given above. 

“In tho severe cases (those who fail to Ix'coine aglycosuric on tho standard 
diet) it, at first thon^dit, w'onld aj>|K;ar that the addition of carbohydrates 
Would be contra-indicated, as they would tend to increase the glycosuria, con¬ 
sidering that the tolerance is >ii7. Experience, how'cvcr, shows that those do 
better^ SJod are more likely to hold their weight, if given very mcxlcrato quanti- 
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ties of starchy food. The danger of coma is increased by any long continuation 
of an exclusive protcid-fat diet. 

“In both forms, a return to the strict diet, in order to increase the toler¬ 
ance, should bo made at least every three months for a period of ten days. It 
is desirable at shorter intervals in the severe forms. 

“No attempt should bo made to restrict the water taken by the diabetic. No 
good will follow by doing so, as the thirst and polyuria are dependent on the 
hyperglycemia. Harm, on the other liaiid, is likely to on.siie, as the increased 
thirst causes increased mental and physical distress. Apollinaris and seltzer 
water may bo allowed, and the thirst may be quenched by drinking lemonade 
sweetened with saccharin instead of sugar. A drink made by dissolving a 
dram of cream of tartar in a pint of boiling water and llavoring with lemon 
peel and saccharin, and then cooling, may be given freely for the same purpose. 

“'Alcohol, in the form of whiskey, cogrnn*, or rum, is to be recommended, as 
it aids fat digestion, and tends to make up for the loss in heat units resulting 
from the cutting off of carbohydrates. One gram of alcohol by its combustion 
yields 7.0 calorics. 

“Sawyer, of Cleveland, claims to have obtained marked benefit in diabetes 
by systematic gastric lavage.” 

Those cases of pyogenic infe(!tion or of necrotic processes in diabetics try the 
soul of tho surgeon; let alone, th<'y <lie; operated upon, many die also, and yet by 
skillful management many can be saved and live- p('rhap.s in comparative comfort for 
many years. 

To state a paradox, tho older they are tlie better tlic prognosis. Toiing persons 
who have diabetes and surgical eompli<‘ntion8 <lie almost invariably. Persons of middle 
life or older, diabetics, have, as a rule, a small or iiioderatt" amount of sugar iii tho 
urine. They may live for many years and even liave serious surgical eomplications 
requiring surgical interfercuee and operative cany yet survive. Such itulividuals 
have been known to live for many years. 

A man who has bwn a diabetic patient of mine since ISS."), and whoso brothers, 
four in number, all had diabetes, and whose father died of tliis disease at tho age of 
82 years, is now alive at tho ago of HO years, in fairly good hcaltli. He has no serious 
discomforts of any sort. During these years lie hail snlTered two serious fractures, one 
an intracapsulur fracture of the hip joint, ono a fracture of tho sliaft of the humerus. 
Both fractures healed quickly and without complieatioiis. 

The question of where to amputate in cases of ilinbotic gangrene of tbo foot 
is one not always easy to answer. If the process is a spreading moist gan¬ 
grene without lino of dcmarcatioii ami is associated with cellulitis and suppura¬ 
tion of pyogenic origin, amputation should be done tbrougb the lower third of 
the thigh. The same rule applies to spreading eases of septic necrotic celliditis 
of tho deep structures of tbo f(x>t not as.s(X*iated with jiutrid decomposition. If 
ono or moro toes alone are involved and there is little nr no tendency to .spread 
into tho solo or dorsum of the foot, and if tlio prix«ss is dry, amputation may 
be done at any level where free bleeding occurs in cutting into the limb. This is 
n^irly safe rule, but reamputatiou will bo found necessary in some cases. An 
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Esmareli banilaj^ or a laruo soft, niblicr tiil>c an inoh or more in <lianicter may 
be loosely nppliei] over the leiinual arferv aiul ijuiekly tiirbteneil if nocesaary. 

I niess free blotHlinit (VTur.s a Ihplier level ntnst 1 h* ebos('n. 

Another nietlio*! for ih-ferniininu the level for aminitation is to apply ati 
Ksmarch ban<.la<ro to the limh from U'low iijovaril. tifiht eimujib to render the 
limb blo<Klless. A seemid hamlaL'e or c-miKtrietor is tlimi woniul about the limb 
at its jnnetion with the trunk. it»nipr«*ssiiiir tlu* main art«*rv. 'I'lie first bamlaitn 
is removed and a few minutes later the m'coii.I. As flie eirenliifion returns, the 
skill iR'eomes siitTiised with a <lee[> red Idii-^li. ulii< h extends from alsivo down¬ 
ward, hut stops where tlie limli is not projMTiy noiiri.-hed. .\mpnfatioii shouhl 
l>c done well above tliis level. 

Ether is the general anesthetie of ehoiee. thon”h fias and »)x\{n'n may bo 
used. It is less likelv to lx* followed hv eoma. Seipiestraliou aiit'slhesia, iiovo- 
eaiii and ailivnalin. may al-o lu- iiM-d to i^rc.it ailvantai;«' in these eases. 

1 have aiii|>iitati'*l lli<‘ lliipli l'\’ llii> iiielliod. I'xi'ir in a larne slniit iiiim. with nlmost 
no pain and no >li<)i'k. 1 !u' liilinu- i- a- folhox-.' 1 lie piilieiil may pro|x'rl,v re¬ 

ceive a liyi>o(lerinie injeeiieii of iiiorpliiii one-h.ilf lionr liofori* llie op«Tation -in n 
lurire adult 1 of a (;r:iiii. 1 lie liitili io lie :Miipiil II1 1 il is lii'lil viTl ieiilly for several 
minutes (I'Ut in ea-e of tranuri Me not '•Irokoilf m oni. r to free it from lilood, as far 
ns jio'-silile. .\n I'.'iiiareli li.nulaK'' or lar^'e "-oft rulOier liihe is llu-n ap|)1ied ns n 
touriiiipiet at least ti iiielie'- aliove the propo'eil point of iinipulat ion. It UitiHt bn 
applied, (piiokly, tiirlitly iiiui lU'oiir.iti ly .'oni inii-t oei Imlo nil the vosiis in tho first 
turn, thus eIo>inir iii'lniitly hotli artori.d ami vomms eirenlalion. A seeoiul liKaturO 
is similarly ai>iilied <I or tiioro im-hes lnlow llio tir'-t ono, A sc'elioii of the liiiili 0 
or Tiiore inelies in lotiu'th is tini'' ri tnleroi] lilooiili*'-*^ and removeil from vaseular eoin- 
iinmieation with the remaimli r of tlio limh. I he iiileriial siipliemnis vein is tlien 
sought for ami freed. Il i" opened or di\i<le<i. With a lar(i<- ifhms syrimre 1 (Ml- I.M) 
c. e. of a 1 i>er cent, solution of iiovoonin i»iid adroiialin is injeoted iiilo tlie vidii tmder 
pr<*ssurt*, slowK* ami with some foree. J he lip *if the s\riiiye in tla* vein must, of 
cour.s<*, lu' .uurroumlerl 1 ,>' lij^atnre to ;ieeom|i|ish tin*-. 1 lie seelion of llu' limh tiiki'S 
on a j)ci'uhar hlamdiod appi'ar.me,*, AftiT uaitin;; a fow minutes, an iiinputution 18 
done in any way tlie siirireon prefers. 

This procedure is ipiite difTerent from ordinary loi-al jinestliesia ami moro 
cdicient. Anipnttilion of the thi.;:h may he done with seareely jiny pain. I 
have amputated the fhiuli iu .several eases «tf diahetie ^mnorene in this way, 
without anv complaint of pain exm-pt a sin"h' e.xcdaniiitioii of “Oiieh wlien tho 
sciatic nerve was out, tuid without any notahle sifrn.s or symptom,s of shock, and 
the rcsult.s were in each instamu! irmid. 

It mifilit he well to record ni> exp<Tiem*e witli patip-enc of tho toes and 
foot in case.s of presenile ojimri-pm,* and diiilu'tie f^aii^rtmo of the lower extrcmi* 
tics. Imprimis atn[>nfation of the lower third of the thifih is followed by 
pood wound liealinp tind by no rcu-iirrenee. Amputations at a lower level, 
thonph tlieoTctieallV porul, are in many eas*‘s not folhiwcd by cure, pood wound 
healing or satisfactory results. In the less favorable ea.sos, gangrene of tho 
etnmp occura and reampntation is nr-eessary; in the more favorable ones the 
flaps cither slough or heal very slowly. In some cases tho yiaticnt retunia with 
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a poorly nourished stump, which is ulcerated and painful; he is unable to 
wear on artificial limb, and intolerable pain may drive him to seek a higher 
amputation. 

OBESITY 

Persons who are abnormally fat are not good surgical risks. Their tissues 
do not resist infecition as well as those of normally nourished individuals. In 
order to do a given operation, the <;ut, as a rule, must he longer and deeper. 
The soft, friable tissue’s are more easily bruised and torn by retractors and 
ether instriunents, sutures cut through readily, etc., and wound healing is often 
less perfect. 

Fat necrosis in the subcutaneous tissues is not a rare accident. These 
difficulties obtain when eeperating on all inordinately fat people. l?ut much 
moro serious dang(!rs may exist than thesex Among the obese of middle life 
or advanced ag(‘, a number ol serious organic wt’aknesses are prone to develop, 
anemia, bronchitis, iturhanieal intiirferenee with action of the heart, fat infiltra¬ 
tion and weakness ol th(^ heart musch’s, artcriosederosis, often of the coronary 
arteries. I heso (dianges In their advanec’d stages ])rodue(i cardiac asthma, 
anginal attacks, cer(d)ral hemorrhage’, .\mong other conditions often observed 
in these cases are InJiuia, glycosiiriji, albuminuria, edema and general muscular 
weakness. 

1 horefore, only necessary opc’ratious are to be done on the very stout. If 
tho patient is plethoric, i. e. full-blooded, with tin’ normal number of red cells 
and heuioglobiii, tin' prognosis is better than in the aiieniie typ(> of obesitv. 

There is one common group of ease’s, how(’ver, where it is better and safer to 
operate than not. I n’fer to tin’ Iarg(! ifn’dmdhie hernia’ of fat women, where 
the viscera eaiuiot lx? permanently retained within the abdomen by belts, 
binders, corsets, and trusses. In deciding for or against operation in these cases 
the surgeon must study the general and lociil conditions with care. In neglected 
cases the tumor may bo so larg(’ that replacement may be impossible. In these, 
if tho eontcTits of the, sac consist largely of i?itestine, it is wis»>r to forbear. If, 
on tho other baud, largo masses of onn’iitum are reeogni/cd, they may bo 
resected, thus making more room for the bowel. Siu’li reseetious of large masses 
of omentum arc not devoid of risk and must be made with great care. (See 
chapters on Tleruia.) 

When wis(’ly selected these ease.s <lo well. T^noperated, the danger of 
strangulation is great, and tho mortality following operations for strangula¬ 
tion is very high. 

RICKETS 

Inasmuch as the disease is rarely seen in its active stages after the age of 
three years, the surgeon is interested in treating the resiilting deformities rather 
than the disease itself. 
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Tbo causes of death duriiu; tlio active stauen of the disease an', most coni- 
mouly, broueliitis, liroiieho|ineuiii<.!iia, cojiviilsioiis and lar\iiitisunis stridulus. 
The disease Is very aiiieiiahle Xo trealiiient hy did. i. e.. In culling down earlw- 
hydrates and inereasimr the fat-'. If ciiain is not olitaiitahle, cod liver oil may 
bo given. Ituring the treatment llie eliiM mn>t not l>e allowt'd on its feet until 
marked iinprovemt'iit »K-eur.s. usnaliy for M Vi-ial months. 1 Miosphorus is Ik?- 
lieved to lio n.sefni if well borne, and batliini; and gimeral massage helj) the 
general health. 


SCURVY 

Scurvy (K’cur.s when, under nnf.ixor.dile lixgii iiii- conditions, chix'lly cold 
and wet, jK'i'.sons are olilitied to Ii\e on a djetars wanting in fiesh vegelabli'S, 
or their I'quivalenl. ami fre-'Ii meat. I he alK.ilimt\ ot the hhx'd i< diminisln’d. 
Whetlier fin; diseasi* is causeil In tlii' alone. oi- whether an adtleil infi><'tion 
tlirough the moutli is ncees>ar\. i-. not ilelinileU lietermined. 

.\s is giMierallx' known, one of tin* nl•'^t notahh' I’haraders ol tin* diseasn is 
n inarkexl tendemey to hemorrhages into tisanes ami oru'ans and from mucous 
surfaces. 

When dx'ath oeiairs in scurvy, it iii.i.v occur from I'liidinc ciilicr extiTiial from 
an ulcer, or internal from tlic moulh or no^c from In art failure, ttaiigreiie of ihi) 
lung, or a jiiit rid hronchit is .isso. laii d with a hloody i (fiision into I lie jileii nil sac. 

It is to he Iniriie in mind that the suhiMitaiicoiis mal •■uii|H riostcal lieiiiorrhagert 
lua.v oeeur without trauma. 'I'his fai t m.iy he of medico Icjral i m|)orl ain c, more es|M!- 
ciall.V when we recall that tlie crews of im reliant sliij’s. even to d.i.v, sometimes ilevelop 
8 CU rv,v. 

Thi.s alone would render ;i .seorhntie imlividiial a bad surL’ical risk; lint to 
this must be iiddeil a iieneral de[ires.s|oii ol all the vital forces iiiid marked 
anemia, .so tbaf. if it is iiossibh* to avoid it. no sur.yieal o|ieratioii sbonhi bo 
utteinjited until the individual has been im|irovifl bv a .siiitabh- diet ami warm 
dry* surroundings. biveii under favorable eomlilioii.s it will In: weeks utid 
months before the patient regains Ids normal liealtli timl strengtli. 

Most important in tlie treatment of seiirw is a diet eonlaiiiing aliiindancx) 
of fresh vegetable food. In addition, among llm articles believeil to be most 
nsoful arc fresli lime and lemon juice. Anion;: jm-served vegelableH sanf:r- 
krnnt i.s e.xcellent. Infusion of malt is of valm*. I'resli mi-al am! meat jiiico 
and frcsli milk in lilicral do.se.s are all anti seorbiitie. 

Drugs arc of lc.s.s value. Iron may be given for tlic anemia and a bitter 
tonic, stich ns quinin, for tlie appetite. Diarrhea may reipdro treatment. 

Astringent and antisejvtie moiifli washes sliould Ik; given at freipient inter¬ 
vals: Potassium permanganate .solution, cldorate of jiota.s.siiun, DoIk'H’s month 
wash, etc. Fleers, if tliey exi.st, demand anti'^c-ptie and stimiilatiiig treatment, 
such as bal.snm of Pern, etc., with jiroteetion and snpjK^rt. Intravenous injet^- 
^OUS of horse scrum may Ik; given, if available, for li(;morr}iage.s. 
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ACUTE POLTARTIOULAB RHEUMATISM 

Although a form of Btroptococcua lias been demonstrated in the joint exu¬ 
dates of acuto articular rhoumatisni, yet, as a matter of experience, such joints 
rarely require surgical iuterfercnce. Complete restoration of function is the 
rule upon recovery. 

If the joint inflarnrnation is very severe ami.resists the ordinary means of 
treatment, a needle may be introduced, and if the exudate is found to be puru¬ 
lent, containing pyogenic cocci, the joint should he opened, washed out with a 
mild antiseptic—c. g., carbolic acid 1-GO or a weak solution of formaldehyd 
solution—drained for a few days and immobilized until the joint cavity re¬ 
mains dry. 


aouT 

The relations of gout to surgery arc of two kinds: 

1. If a gouty tophus breaks down and .suppurates, it should be inchsed 
and curetted, or excised, thus sparing the patient Ihe formation of a chronic 
sinus. If a tophus becomes unsightly or from its size aud situation interferes 
with motion or causes pressure symptom.s, or is it.sclf pre.ssed upon by the shoo, 
it may bo removed. 

2. Persons with chronics gout arc often obese, they often develop chronic 
interstitial nephritis, w'ith nrteriosclerosi.s, they may diwelop a dilated heart 
muscle or coronary disease, and they .sometimes have glycosuria. They are, 
therefore, to bo regarded in many iustances as extra-liazardou.s surgical risks. 
Accordingly, patients who have gout should bo carefully exaiuined with the 
above facts in mind before they arc subjected to an opiuatioii of expediency. 

POISONma BT BICHLOBID OF MERCURY 

Acuto poisoning by mercurial bichlorid has within the past year acquired 
a fleeting interest for surgeons on account of certain accidental fatal poison¬ 
ings and, later, attempts at suicide, owing to the publicity afforded these acci¬ 
dents by the press. Bichlorid of mercury tablets arc easily purchnse<l, and they 
are to bo found in almost every household, for the treatment of wounds, for 
bod bugs, or for less obvious reasons. 

Some years ago, Edcbohls proposed and carried out a procedure in cases 
of chrohic interstitial nephritis, based upon the assumption that the kidney 
underwent degeneration and loss of function on account of undue tension of its 
fibrous capsule. lie cut down upon the kidney, split and stripped the capsule 
from the organ, and alleged that such cnscs w’orc improved by the operation. 
We are not hero concerned witli this contention whether justified by results 
CKT sot 
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Jn acute poisoning bv niomiric bichlorid tlic patient imniiHliatelv auffora 
from nbdoiuinul i)ain, niins(‘ii. vomiting aiui (linrrlien. Tlio passjigiw fnnn tlm 
btwol are often bloialy. 'I’lio liistorv of tbes<> palients’ is. liowever, jiwnliar. 
After two or tlircH; «l:iys llie avnte <Miiptoms of linslro inlesliunl irritation sub* 
side to sonic extent ami tltey beeonie (jiiile eomfortnble. Tliev mav lixik well, 
but they pass no urine. Tlie kidinos liii\e eeaseil tii fuiietioinile. 'I’lie I’atbeter 
withdvaw.s merely a dram (tr two iif inrbid or blmaiy lliiid from the bladder. 
Patients may live for a minilK'r of da\s. and, until they Ikh-ohu' eomaloso from 
uremic jioi.soning, snfTer hut little. They are rational and liHtk so well that it 
is hard to reali/e that tlu'v are dooiin'd to sjun-dy death. 

On January 2, 1011, I saw <in<‘ <>f ihr-e cases -a man. aa:<'<l 00. On account of 
busines.s trouhle.s, ihrcatciiiie.: luiukruiiti-y. lie liccmnc <lcsi>crali-. Hi’ look inti* hi* 
moutli, clicwcd up, aiiil sw.dlownl Ill' llio onliiiarv T’j arain liichlorid of mercury 
tablets. Some acute s.Miipioms I'hIIiim , il; acuic jiliiinmiii.il pain, nausea. Muiiitiii); and 
general distress. I was called to •.cc biin .‘I da.xs after he liad sw.allowcil the |H)i.son. Jli) 
had in the meantime eh.meed his mind. The pnscMcc of Ins wile and children, and 
of numernns s.vmpathelic friends, and the attention he reec ixed in llie hospital ehanjr<'<l 
his jKiint of vii'W. Ili' was jiist as anvious to li\e as lie had heen to die. lie ap|ii*an'd 
iluito normal, lie was a larire. idethorie, lieailhxdooklll^^ man, a teiniwrate, sane, 
intelligent Jlehrew. Mis face was llii'lied. liis eyes hriald. and lie liad a rapid high- 
tension piil.se. It \Mis liiird to realise that lliis man so iiornial in M]>peiirimee was tO 
die in a short time. J was indneisl a*raiiist my judgment to operate. 

I exposed his kidneys and 'l>iit and strippid their tihroiis capsules. Neitlier kid¬ 
ney was enlarged, nor did the pareiielixma appear to he under any tension. Tlie left 
kidiie.v was dark reil in color and the eorie.x hied freely, the ea)i»iile was ailherent. 
The right kidney w.is of normal sj/e inn) sutler than normal. 'I he capsule slrippcsl 
easily. J'he whole kidiie.v was jinli' jn color. .*sealli red over tin' surfaee of the isirtex 
were riiim(*rous areas, large and small, of a I’llowisl) wlnte color. 1 liese iippearis] to 
he ar(*as of ileerosis, 1 he wounds were ,'losed. 1 he jiatient passed no more urine 
and died comato.se the following day. ’I'iie operation was ipiile futile, iiiid I sindl 
never repeat it. f hclieve operation is eonlr.i indieattd in tliese eases. Tlie iniero- 
seoi*ie exaiiiiiiatioii of (liese kidinys sIioxmsI total necrosis of llie entire i*areneliyina. 


PHOSPHORUS POISONING 

Actitc poi.soiiiiig hv |)linsj>hor)is lias im .surgical iiitercsti. f lironic poiRon- 
ing hv thi.s cdemeiit po.sscssi’s only an hi-slornail intereht in Amerieii, mid is & 
purely fx’fupalioiial aeeidmit. 

In former vear.s while while jihosphorn.s was tiseil extensively in the inanu* 
factnre of matches, stieh jioisoning was eomnion among those who wyte daily 
exposed to the fumes of this element. 'I'he lesions prodiieei) were inilurinnatioil 
of the gums followed hy progressive ii<*fTosi« of the jaw, usually the lower jaw. 
One tooth wa.s first involved; t**olhafhe of u severe eharaeter was followml by 
the extraction of the tisifli and tbe eseaiMi of fetid pus from tbe tootb .H<K'ket 
unlc.sa ujxm the first .sign of irritation tbe individual was removed from danger; 
then followed progre.sslve and rapid necrosis of the jaw, fn some cuacs tbe 
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process involved total neoroiis of the lower jaw, and these unfortunates became 
hideously disfigured and on account of the horrible fetor were disgusting ob¬ 
jects. The condition h rare in this vicinity. I have never seen a case of this 
kind. 


TUBEBOXTLOBIS 

Although almost every structure in the body the seat of tuberculosis has 
been the object of surgical attack and although a large percentage of surgical 
operations arc for the cure of this disease, there is one aspect of the subject 
which always dernauds serious consideration on the part of the surgeon, namely, 
the question of a surgical operation in the presence of tuberculosis of the lungs. 

The condition may demand operation upon the pleura or the lung itself, as 
in tuberculous empyema and pyojnicumothorax. Operations have also been 
done on the chest wall to put the diseased lung at rest and to obliterate dead 
spaces, and upon the lung itsedf. All these conditions receive duo consideration 
in other parts of this work. Wo are hero concerned with modifications in treat¬ 
ment when wo are obliged to do any serious operation upon a subject of lung 
tuberculosis. 

Ihoso patients aro poorer surgical ri.sk.s, the more acute and extensive the 
process. If the operation can bo delayed, it may bo well to precede it by a 
sojourn in a suitable locality, a strictly out-of-door life, good food and the best 
of hygienic surroundings. The local processes may thus bo improved and the 
resistance of the patients increased. 

A very important point is the selection of the anesthetic. A local anes¬ 
thetic should be used when possible, ^^ovocain and adrenalin is the best oom- 
bination. ^ If a general anesthetic must lx> given, nitrous oxid gas aiid oxygon 
is the safest. It must bo given by one skilled in its use, since it is at best 
troublesome for b()th surgeon and anesthetist; but it is safer than ether or 
chloroform, and does not leave behind irritating effects iipon the respiratory 
tract, noted after the two latter, ryanosis and absence of muscular rela-xation 
are the trying features. It cannot be too forcibly impressed upon the practi¬ 
tioner of medicine and surgery that nitrous oxid and oxygen anesthesia, al¬ 
though useful, can only be undertaken with propriety by a man of large experi¬ 
ence and training. Hero a few remarks may perhaps be made in regard to 
anesthesia in general. 

The q^itor speaks from an experience of 30 years, having given and scon given all 
the local and general anesthetics in use at the present time. When in doubt give ether; 
it is less dangerous than chloroform, and its administration requires less skill and 
judgment than that of any other anesthetic, local or general. It may be given by a fool 
OP a totally inexperienced person with loss danger than any other anesthetic. Local 
anesthesia may well be used when the operation takes but a short time for its per¬ 
formance or when general anesthesia would be very dangerous. 

Patients operated upon under local aneathesia. where the operation is prolonged,. 
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suffer very much when tlie oporati(ui involv4*s « rntlior Jtvp (lisstvtioti nnd when the 
auesthetio is injected into the skin and suiRTticial imrts tinly. Stn*, however, the dis¬ 
cussion of sequestration nnesthc-siu, under Dinbetio (JanKreue, paije 174; alsti Chapter 
on Anesthesia, Vol. 1. 


PART II 
.Tamks II. ICi;nyon 

DISEASES OF THE DIGESTIVE SYSTEM 

Diseases of the Mouth. — .\ll the various forms of stomatitis incrcaao tho 
danger of iiilinlatioii pneuiiiouia if a general aiiestlielie is gix4*n. ami if'tlio 
operation is in the region of the mouth <»r pharvux llm dangJT of a woiiml in¬ 
fection is increased. '1 hrush ahsohitidy eoiitra-imlleates operatiiui for hareli]) 
or cleft jialate, as it prevents union id" the Ihips. 

Tho local condition should lx* eiired liy local and eonstitutional treatment, 
if possible, heforo operating. I f time is not avaihd)le for tliis, employ a general 
anesthetic with sjiceial atti'ution to fhorouah disinfei lion of the lixad condition, 
both at tho tinio of operation and snhsei|ueidly. 

Diseases of the Pharynx. 

(a) ACUTE AND CHKONK; I’llAKYNtiITtH. 

(b) ULCERATION OF THE I’liAKYNX. ’I'he same ppWHUtions as detnilo<l 
under diseases of tho month shmdd he ajiplied here. 

(c) ACUTE INPECTIOFS FIH.KC’.MON, 

(d) RETROPHARYNCiEAL AUSttK.'^.s. - Tin’s eondition reijnire.s only local or 
nitrous oxid anc.stlicsia, never snflieiently deep to aholisli the eonghing roflex, 
tho chief aim being to prevent as[»iralioii of the infeetions material into tho 
larynx. 

In children no anesthetic is necessary. As soon as the opiating is made in 
the abscess cavity, the patient should Ijc iiiiiekly turned fare downward to facili¬ 
tate the escape of the jtiis and to prevent its eiitriinee iido tlm larynx. In many 
cases the Rose position with the head lowered is useful. 

(e) ANGINA LUDOVICI. —As tlieso eases oftiai devedop intense dyspnea, 
preparations for intubation or tracheotmiiy HhoiiJd always lx; made, not only 
previous to tho operation, hut the tnielieotomy si-t should always Ixi at band for 
some days during tlie jKistoixirativo treatment. 

Diseases of tte Tonsils.—Any ob.st rind ion to rc-spiration from enlarged ton¬ 
sils may be overcome by the use of a nasal tuln; to tho posterior pharynx, tho 
ether vapor being blown through this tulw. Or tlio regular mask or inhaler may 
be employed if a free airway is provided by passing a fenestrated niblxjr tube 
through one or both nostrils, or a somewhat larger tulx} through tho mouth to 
the level of the epiglottis. A flat metal tube with a curve to fit the roof of tho 
month, the inner end extending to just below tho base of tho tongue, the 
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outer end provided with a flange which rests against the lips, has been con¬ 
structed for the purpose. 

All the abovo-ujciitioiicd diseases contra-indicate operation on any other part 
of the body, except tliat of an emergency, as the patient’s reparative powers are 
lowered and the danger of complications increased. 

Diseases of the Esophagus.—Diseases of the esojdiagns rc-siilt in such an im¬ 
pairment of nutrition tliat the jiatieut is not a good subject for operative pro¬ 
cedure. The local condition .should be dealt with first and .some means insti¬ 
tuted to improve the general condition. If the patient is sufTering from malnu¬ 
trition directly attributable to the inability to obtain sufficient nourishment, a 
preliminary gastrostomy with suhsequent feeding through the tube will do much 
to improve the general condition if time permits. 

Any retained secretions or material in the dilated esophagus or its diver¬ 
ticula should 1)0 carefully washed out licfore giving any general anesthetic, in 
order that this material may not escape into the pharynx and add to the risks 
of an inhalation pneumonia. For this reason intratracheal ancsthc.sia should 
bo chosen. 

Diseasea of the Stomach.—Each of these diseases will demand individual 
treatment both before and after any operation that is undertaken. 

In all cases except those of a su.spected perforation of the stomach or duode¬ 
num, or hemorrhage, the stomach should be thormighly washed before admiuis- 
* taring the anesthetic. One should .shorten ns much as jiossible the time of 
operation and the amount of ether used. 

The postoperativo position of a semi-sitting posture favors gastric drainage 
and lessens vomiting. Absolute failure of gastric digestion or assimilation, 
or persistent vomiting, may necessitate feeding through a jejunostoniy. 

Diseases of the Intestine.—Diseases of the intestine associated with diar¬ 
rhea, from their general weakening etfwt on the patient, make it neces.sary to 
shorten, as much as possible, any operation which is required. Light ether 
anesthesia and as little manipulation of the tissue as possible arc indicated. 

Enteroptosis.—While this condition does not in any way contra-indicate 
operation upon any part of the body for other diseu.se, attempted operative re¬ 
lief of the rola.\ed structures themselves is seldom attended with great success. 

Diseases of the liver.—Janudice from any cause, particularly with fever, 
renders the patient less able to stand the shock of an operation and more liable 
to bleed. The coagulation time is retarded from 8 to 10 minutes. For this 
reason, when it can be done, some preliminary treatment to increase the clotting 
power of the blood should bo cmi)loyc<i before operating. 

In all diseases of the liver the duration of the operation should be as short 
as possible, and particular care taken to control all bleeding points and sur¬ 
faces, either with ligature, suture or firm packing. Local anesthesia, if possible, 
or nitrous oxid and oxygen or a very light ether anesthesia is most desirable. 

Diseases of the Pancreas.—Acute hemorrhagic pancreatitis docs not preseht 
a favorable condition for any anesthetic, but an operation is always indicated. 
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The rapid, feeble heart should Ik? steadied with the projicr iiuHlieation or a 
hj'podemioclvsis. Ihe stoiuach, whieh is verv iij>t to dilate «juiekly, should be 
washed out before startiuL: the anesthetic. It is t»fteii a.lvisahlo to leave the 
stomach tube in place thruu^diout the operation. 

Light ether or gas o.xygen anestln*sia should he ehoscui, if possible. In eoino 
cases local inje<*tion.s of novo<‘ain may he snllieieiit. 

Diseases of the Peritoneum. - .Ventc* general jierilonitis demands the short¬ 
est possible oj)erntion and the least jutssibh- manijmlation. 'I'lu' anesthetie may 
bd local, gas oxygen or light etjier. 


DISEASES OF THE RESPIRATORY SYSTEM 

Coryza and Chronic Catarrh. The conditions slmuld have, if possible, sonic 
preliiniiiary treatment, helore a general aiiesthelic is given. If this cannot bo 
done the c.xcc.ssive .secretion may he eonlrolled by morphin ami alrojiin. One 
should use a local anosthelie if po^sihIe. or ether ami oil by reelum may Iks 
used. Theoretically, any of the am‘sllieti<-s eoimnonly used would ho iM'lter 
than ether in that they ]»rodnee le.ss inllamm.alory n'ai-tion of the mneoua nieni- 
brano and less secretion, hut, jmaetieally, ether may hi> s.afely u.sed in many 
cases. 

Diseases of the larynx. -nisea.M's of the lar\nx render the inltninintration 
of a general ane.sthetie inailvi.sahle. in that they are apt to ht; eomplientod by 
acute edeiua of the laryii.x and ohslriietion. or are billowed by a jMwtojM'rativo 
pneumonia. Intratracheal iiisulllation, ether and oil by reelum, or perhaps 
tracheotomy wonhl hc! indicated. 

Diseases of the Bronchi. Diseases of tin* bronchi rendiT ancHthesia by any 
inhalation method iindesirabh*. Dither gas oxygen, ethyl ••hlorid or e.hlorofonn 
should be cho.sen if the need of a general anesthetic is imperative. Otliurwiso 
a local anesthetic i.s better. 

Diseases of the Lung. 

A. PNEUMONIA.- I’nenmonia contra-indicales all operation.s, except some¬ 
thing of a very urgent mitiin*, in whieh eti.se nothing hiit loeul unesthosia should 
be used. 

B. EMPHYSEMA. —lax-al anesthesia or the inhalatiou of ethyl chlorid is 
taken very well by these patients. Tlic latter should he chosen in jtrefercnco to 
ether or gas. 

C. GANGRENE OP THE LUNG. 

D. ABSCESS OE THE LUNG. —In these cases local nncsthotica or ethyl 
chlorid may 1)C u.sed. ('hloroform is theoretically lK*tt,er in some resiKictfl, but it 
has many drawbacks and adde<l dangers. Ordinary ether anesfliesia may be 
used. To prevent too much piilmoiiarv emharrii.H,srnent when the pleural cavity 
is opened, intratracheal insufflation should be employed. 

Diseases of the Pleura. —The presence of any considerable amount of fluid 
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in the pleural cavity embarrasseB respiration, particularly if the patient lies on 
the sound side. As an anesthetic, ethyl chlorid inhalation, nitrous oxid, or a 
light ether may bo employed. Local anesthesia with novocain will bo sufficient 
in many cases, even for resection of a rib. If a large amount of fluid 
is present and the patient’s general condition is poor, a large dressing should 
be quickly applied; or, bettor, a rubber tiilnj which snugly fits the opening 
in the chest wall and extends below tho level of sterile fluid in a bottle 
placed .on tho floor may bo used. The object is to prevent a sudden change of 
intrathoracic pressure from too rapid an escape of tho pleural contents, afid 
also, in tho latter case, to prevent a pneumothorax. For a detailed description 
of this method see chapter on “Aspiration and Aspirating Devices in Operative 
Surgery.” 

. When operating upon any other structure, in cases with much dyspnea 
from a considerable amount of fluid in the pleural cavity, great relief may 
be obtained by a preliminary a.spiration of the fluid. After tliis has been 
done, if tho dyspnea is less or has disappeare<l, a general anesthetic could 
bo given, but in those cases in which a local anesthetic is possible it should be 
chosen. 

Pneumothorax, hydropneumothorax, and pyopneumothorax are best oper¬ 
ated upon with local anesthesia or with ethyl chlorid inhalation or nitrous 
oxid-oxygen. The use of tho above-mentioned long tube which makes an air¬ 
tight fit with tho opening in tho chest wall and terminates below tho level of 
sterile fluid in a bottle furnishes a water trap check valve which pennits the 
escape of air and fluid, but prevents tho entrance of air into tho pleural cavity. 
The preliminary trcatnicnt in these conditions should bo directed toward reliev¬ 
ing tho embarrassed respiration. 

Affections of the Mediastinum.—Affections of tho mediastinum require in¬ 
tratracheal anesthesia or a cabinet for differential pressure. 


DISEASES OF THE OIROX7LATORT SYSTEM 

Plastic Pericarditis. —Plastic pericarditis generally contra-indicates opera¬ 
tion only in so far as the disease to which it is .secondary contra-indicates or 
modifies tho surgical procedure, a.s, for example, rheinnatism, gout, tubercu¬ 
losis, septic processes, chronic nephritis, etc. 

Pericarditis with Effusion. —This is a much more serious condition and 
oontra-indicatos operation, except that required for its own treatment. The 
anesthetic shoidd be local, light ether, gas-oxygen, or ethyl chlorid. 

Diseases of the Heart. 

AOITTE ENDOCARDITIS. —Acute endocarditis contra-indicates operation. 

CHRONIC ENDOCARDITIS. 

CHRONIC VALVULAR DISEASE. —Cases of the last two mentioned diseases 
generally stand operation with a general anesthetic very well, provided there is 
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in the pleural cavity embarrasses respiration, particularly if the patient lies on 
the sound side. As an anesthetic, ethyl chlorid inhalation, nitrous oxid, or a 
light ether may bo employed. Local anesthesia with novocain will bo sufficient 
in many cases, even for resection of a rib. If a large amount of fluid 
is present and the patient’s general condition is poor, a large dressing should 
be quickly applied; or, bettor, a rubber tul)c which snugly fits the opening 
in the chest wall and oxtouds below the level of sterile fluid in a bottle 
placed ,on tho floor may bo used. The object is to prevent a sudden change of 
intrathoracic pressure from too rapid an escape of tho pleural contents, aftd 
also, in tho latter case, to prevent a pneumothorax. For a detailed description 
of this method see chapter on “Aspiration and Aspirating Devices in Operative 
Surgery.” 

• When operating upon any other structure, in cases with much dyspnea 
from a considerable amoiint of fluid in the pleural cavity, great relief may 
be obtained by a preliminary aspiration of the fluid. After this has been 
done, if tho dyspnea is less or hu.s disappeared, a general anesthetic could 
bo given, but in those eases in which a local anesthetic is possible it should be 
chosen. 

Pneumothorax, liydropueumothorux, and pyopneumothorax are best oper¬ 
ated upon with local anesthesia or with ethyl chlorid inhalation or nitrous 
oxid-oxygen. The use of tho abovo-mentioued long tube which makes an air¬ 
tight fit with tho oiicning in tho chest wall and tcrniinates below tho level of 
sterile fluid in a bottle furnishes a water trap check valve which ponnits the 
escape of air and fluid, but provciits the entrance of air into the pleural cavity. 
Tho preliminary treatniciit in these conditions should bo directed toward reliev¬ 
ing tho embarrassed respiration. 

Affections of the Mediastinnm.—Affections of the mediastinum require in¬ 
tratracheal anesthesia or a cabinet for differential pressure. 


DISEASES OF THE dROULATORT SYSTEM 

Plastio Ferioarditis.—Plastic pericarditis generally contra-indicates opera¬ 
tion only in so far as the disease to which it is secondary contra-indicates or 
modifies tho surgical procedure, as, for example, rheumatism, gout, tubercu¬ 
losis, septic processes, chronic nephritis, etc. 

PerioarditiB with Effasion.—This is a much more serious condition and 
contra-indicates operation, except that required for its own treatment. The 
anesthetic shotdd be local, light other, gas-oxygen, or ethyl chlorid. 

Diaeaaes of the Heart. 

ACUTE ENDOCABDITIS. —Acute endocarditis contra-indicates operation. 

OHBONIC ENDOCARDITIS. 

CHRONIC VALVULAR DISEASE. —Cases of the last two mentioned diseases 
generally stand operation with a general anesthetic very well, provided there is 
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in the pleural cavity embarrasses respiration, particularly if the patient lies on 
the sound side. As an anesthetic, ethyl chlorid inhalation, nitrous ozid, or a 
light ether may he employed. Local anesthesia with novocain will ho sufficient 
in many cases, even for resection of a rib. If a large amount of fluid 
is present and the patient’s general condition is poor, a large dressing should 
be quickly applied; or, bettor, a rubber tul)C which snugly fits the opening 
in the chest wall and extends below the level of sterile fluid in a bottle 
placed .on the floor may bo used. The object is to prevent a sudden change of 
intrathoracic pressure from too rapid an cscajM) of the pleural contents, aftd 
also, in the latter case, to prevent a pneumothorax. For a detailed description 
of this method see chapter on “Aspiration and Aspirating Devices in Operative 
Surgery.” 

. When operating upon any other structure, in cases with much dyspnea 
from a considerable amount of fluid in the pleural cavity, great relief may 
bo obtained by a preliminary aspiration of the fluid. After this has been 
done, if the dyspnea is leas or has <lisapp<“are(l, a general anesthetic could 
bo given, but in those cases in which a local anesthetic is possible it should be 
chosen. 

Pneumothorax, hydropueumothorax, ami pyopneumothorax arc best oper¬ 
ated upon with local anesthesia or with ethyl chlorid inhalation or nitrous 
oxid-oxygen. The use of the above-mentioned long tube wliich makes an air¬ 
tight fit with the opening in the chest wall and terminates below the level of 
sterile fluid in a bottle furnishes a water trap check valve which pennits the 
escape of air and fluid, but prevents the entrance of air into the pleural cavity. 
The preliminary treatment in these conditions should be directed toward reliev¬ 
ing the embarrassed respiration. 

Affections of the Mediastinum.—Affections of the mediastinum require in¬ 
tratracheal anesthesia or a cabinet for differential pressure. 


DISEASES OF THE OIROULATORT SYSTEM 

Plastic Pericarditis.—Plastic pericarditis generally contra-indicates opera¬ 
tion only in so far as the disease to which it is secondary contra-indicates or 
modifies the surgical procedure, as, for example, rheumatism, gout, tubercu¬ 
losis, septic processes, chronic nephritis, etc. 

Pericarditis with Effusion.—This is a much more serious condition and 
oontra-indicates operation, except that required for its own treatment. The 
anesthetic should be local, light other, gas-oxygen, or ethyl chlorid. 

Diseases of the Heart. 

ACUTE ENDOCABDITIS. —Acute endocarditis contra-indicates operation. 

OHHONIC ENDOCABDITIS. 

CfHBONlO VALVULAB DISEASE. —Oases of the last two mentioned diseases 
generally stand operation with a general anesthetic very well, provided there is 
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o])or:itii>u, Imt ri'iitiors tin* iiiun* m'imoH'I :niil -liimlil, if piw-ihli. lirsf ro 

ceivo it.s ;iji|iro]>ri:ili‘ tri'atiiii’iit. Il the municx nl iln> roiulitiiin <l<'iu:ni<l> Mir- 
i^ival iilj^rton'iifc. ItKail mi* ua-i <i\\u<‘ii aiu''tli<''ia >li<>uiil hr iwrii. 

Chronic Nephritis. 1 lii-> ciiiilifion. i-srii «itli a !;ii:ii IiKmuI ju-r'.'-uri', 
not cuiifra iiiiiicali* an uprr.-il inn, l>nl <Inr-. ilmianii •■|ir<'ial pri'raiit nm" willi ri'- 
l^anl f<i tlir .anr.'tllrt ir li'i i!, llir iliir.ition nl <i|M-rat a > 11 , .ilul tlir |ii>-t(i|>i'iat ivi' 
troatiiK-nt. 

Local. ::a' oxsiicn or I'llu'r anr-(lir-ia nia\ hr U'r<l. '1 hr o|irration .-^lionhl 
he >hort and a^ ■'iiiiplr a' ]io'»ili|r. In ihr jMi-in]>rr.ili\r tiraliuriit oiir .-should 
linil.c’ a .'■jH'ri.il [loint (d lillino tlir '\.-trni «nh |drnl\ of fluid'- and aidinu>' thr 
.'"kin (duiunation a.- nnirh a- [HO'ihlr h' I'liijdo^in” liot |i.irk'. ho! air hath'^, 
etc. In sliort, tlir rr”iila!’ tix'a!iiiriil for ihr nrph’dli' -honhl hi.iitiimrd. 

Aiiv roinlition rripiirino' tlir rrnnual of onr kidnry .■ilionld not l>r niiih’r 
taken until tlie tnnrtionafini; power of llir oilier kidnrv has hrrn asm-faiinsl. 

DISEASES OF THE BLADDER 

Disea.sc's of th(> hladiirr do not eonfla-indieatr operations el-ewhere, lilad 
<lcr flondilions in whirh there are relmlion of urine and iinpainnenl of kidney 
I’unetion.s demand an appi'opriate Ireatnient hefore other siiroira' pl■oredllre■^ 
arc institnti’d. .\rnle yonorrheal nretlirilis is a <-ont!a indi<'ation fo op(‘ration.H 
for hernia near the j;enilals. 

DISEASES OF THE CENTRAL NERVOUS SYSTEM 

These diMMses, hofh rentral and peripheral, do not eontra indieate opera¬ 
tions e.xeept in eases of edenia, eerehral henioi rhaue, tnniors and cysts, and 
ahseess of the lirain. In these eases rpei-ation olliei- than that iinliealed for 
the aetnal eondition is eontra indieated ex<-epl in e.vlienie nrL'^eney. 'I’lien a 
l(X*aI aneslhetie is to he ehoseii if po-sihle, thoiiydi a ^reiieral anr-sthetie niav be 
used. 

In eertain of these ea.ses einerireney operations may be jiiTforineil wilhotit 
any anesthetic. 

TROPICAL DISEASES 

T)io tropical diseases eontra-indieate operation only in so far a.s they weaken 
the patient and lower bis \ italitv and reinler him less able to witlistand any 
surgical proeednre. Ftirtlierniore. there is a local eontra-indieation in tlioijo 
ea.ses wliieb liase a legion in the skin or solH-ntaneons tissue. rrMideriinr Infeetion 
more proliabh' and delin ine or prc venlino the liealiiiL' of tlie wound. 

Tf the operation is not alisolntely demanded both the local and freneral e,on- 
dition .should first have its apiiropriato treatment. 
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SKIN LESIONS 

Contra-indications to operatiops and conditions modifying operative pro¬ 
cedures are found in the following skin lesions: 

A. Lesions of the skin which might cause wound infection. 

B. Lesions of tlie skin which might cause wound infection and also gen¬ 
eral infection. 

C. Lesions of the skin which might cause delayed healing of the wound. 

D. Lesions of the skin which might cause a recurrence of the condition in 
the wound, or in some other part of the boily, or in both places. 

E. Lesions of the skin which can he hotter treated in some non-operative 

manner. 

A. Lesions of the Skin Which Might Cause Wound Infection. —Under this 
heading might he grouped such diseases as acne, carbuncle, dermatitis, eczema, 
erysipelas, furunculosis, parasitic diseases, scabies, impetigo contagiosa, derma¬ 
titis venenata, pemphigus, vaccinia, burns, and dostructivc traumata of the skin. 

In certain cases in these conditions the patient’s general vitality may have 
been so lowered that only a very urgent operation would be advised. If the 
operative field or the adjoining region is involve<l the danger of subsequent 
wound infection is greatly increased and, unless operative intervention is abso¬ 
lutely necessary, it is better to treat the skin lesion first. 

In cases of eczema causded by an irritating discharge from a wound or sinus 
which escapes and spreads over the skin the most efficient method of treatment 
is the application of continuous suction by means of an appropriate donblc tube 
introduced into the sinus or wound a short (li.stancc to remove all the discharge 
before it reaches the surface. After,this removal of the irritating factor is ob¬ 
tained, the ordiiiary applications are sufficient. Sec Uhapter on “Aspiration.” 

- B. Lesions of the Skin Which Might Cause Both Local and General Infection. 
—The conditions mentioned under A in their more severe fonus might cause 
a general as well as a locnl infection. 

C. Skin Lesions Which Cause Delayed Healing of Wounds and Bender Any 
Operition, Other than That of Emergency or Simple Incision and Drainage, Unde¬ 
sirable. —Examples of this are such conditions ns elephantiasis, leprosy, myx¬ 
edema, and scleroderma. 

D. Lesions of the Skin Which, After Their Operative Bemoval, Tend to Becur 
Locally or by Metastasis. —Such are keloid, melanotic sarcomata, and pig¬ 
mented mole. In the last two serious conditions the removal of a considerable 
area outside the disea.sed region, with the minimum amount of handling and 
traiunatism to the pathological tissue, will give the best result and afford the 
least danger of metastasis. 

E. Lesions of the Skin Which Can Be Treated in Some Non-operative Way. 

' —Examples of this are syphilitic conditions, lupus, and some cases of super¬ 
ficial epithelioma. 
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llio adiiiiiiistrntinii ol vacfiiics :iiii] mth of viiriinis kinds in iin clTort tn 
develop an iinninnity against a parliriilar nrfiani.'ini or to Hiippli'nient the 
natural iniinunity nf the hody lias (•(due le he a well-reed^niized lliern]><'iitiu 
procedure. 1o avoid contiision if possilili', and to have a delinile view of the 
indications for and liinitalions of this metliod of treatment, a short discus¬ 
sion of the essential features of immunity is presented. 


IMMUNITY 


Iinmiinity in its broadest sense is the power of liviuft orKanisms to resist 
successfully any harmful intliienee. The type of immunity which we shall 
consider is usually divided into that due to inherited eliaraeteristies, '^haturul”^ 
immunity to certain diseases of haeterial ori,nin, and that developed through 
infection or treatment, “ae(pured" immunity. This type of iniinunity is 
absolutely essential for the perpetuatiiui of organic life. Without it tho'bac- 
^teria would qniekly overcome all animal life. The cessation of life and the 
consequent cessation of iniinunity production are followied by eomjilcto liac- 
tcrial invasion and destruction. This is a necessary part of the scheme of 
animal existence, releasing as it does the emnhined body nitrogen for the use 
of plant life, thus permitting its subsequent elaboration by the plants into a 
form available for later re-utilization by animal life. 

Natural Immunity.—Natural immunity, that is, the projicrty of imuiunity 
to ordinary saprophytic bacteria, is inherent in man. The bacteria against 
which natural immunity is complete* arc non-pntbogenic. The bacteria against 
which there is no natural immunity or against which there is only a relative 
natural immunity arc or may be patliogtmic. In other words, the question 
of pathogenicity is dcjicndent on immunity rather than on any inherent 
properties of the bacteria. • ^ 

Natural immunity varies with the species, tlio lower animals being im¬ 
mune, for example, to the gonococcus and spirochaita pallida, while man U 
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immune to many animal diseases. Relatively it varies, also, with age, with 
body conditions which influence the activities of the leukocytes, as exposure 
to cold and wet, with fatigue, with the state of nutrition, ns when the food 
is improper or of poor quality, and with chronic diseases, such as nephritis, 
diabetes, cirrhosis, etc. It is diminished, also, by alcohol and by general 
anesthetics, particularly by prolonged anesthesia. On the other hand, it may 
bo augmented by favorable conditions and surroundings. 

It has been clearly shown that the blood of many persons in normal health 
contains measurable amounts of diphtheria antitoxin. Several units to the- 
c. c. have been demonstrated in the blood of children apparently immune to 
diphtheria. I'his form of immunity would perhaps more jiroperly come under 
the head of accpiircd imln^lnity, as it probably results from mild infections 
with attenuated organisms. 

Acquired Immunity.—Aecpiircid immuuit}', as the term is generally used, 
expresses the immunity resulting from an attack of a particular disease or 
that developed by special treatment, and differs from the augmentation of 
natural immunity, which may be brouglit about by improved hygiene, etc. 

The ability of an individual to devehtp immunity varies with the individual 
and with the exciting organism. The duration of tlic immunity also varies, 
many diseases conferring a lifelong immunity against a second attack, as, for 
example, srnall-pox, while others, such as pneumonia, develop but a transient 
immunity. (Recent work on pneumonia suggests the i)ossibility that the re¬ 
current attacks may be due to different strains of the pncnmoeoccus, it having 
been shown that immunity against one strain does not protect against some 
of the others.) 

, In the development of immunity, the virulence of the invading organism 
is an important factor. This virulence is known to vary greatly under dif¬ 
ferent conditions. Many attemiits have been made to produce avirulent cul¬ 
tures of pathogenic organisms which might be safely used in the living state 
to produce immunity. ' , 

Acquired immunity exists in 2 forms; active immunity and passive im¬ 
munity. Active immunity may result (1) from a natural attack of a disease, 
(2) from an artificially induced attack, (.1) from the use of living cultures 
of diminished virulence, and (4) from the injection of killed organisms. The 
second method is used to some extent in animals. The best examples of. 
the third method are vaccination against small-pox and inociilation against 
rabies. The small-pox vaccine probably consists of an organism jnodified by 
passage through calves. I’hc material for the vaccine against rabies is ob¬ 
tained from tlie cords of rabbits killed by the virus, which is then modified 
by drying the cords for varying lengths of time. The fourth method is the 
one in which avc are interested in this chapter, and the principles on which the 
.production of iranuinity by this means depends will be considered later. 

Passive immunity is the immunity conferred by injecting an animal with 
the Berum of another in which active immunity has been induced, and pro- 
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tocts only agninst the orpuiism which the original nniiiiul haa been 

immunised. 

^ijne Bei^iiired for Production of Immunity. 'I he dilTcrcticc iu the time in* 
vol\cd iu the puidiictiou ot the "i l_\ju*s nl iiniiiuiiitv is inurked. Active im¬ 
munity develops slowly, mpiiriug et h'jist a wii'k inifl(‘r favoriihle circiim- 
stnuccs, while passive iiiiiiiuiiity is conferred almost at once hv the iiijwtion 
of the serum, l iifortuiiately most ot the attempts to produce jvitcut sern 
which would confer a ]>assive immunity hav«‘ heen unsiieecssfiil. 

Duration of Immunity. Passive immunity is much more transient than 
active iiumunily. It iH'gins to diminish almost ;if once, la'i'anse of tin* eliminn- 
tioD of the autihorlii's, and nsiially endures Init d to (> weeks, whih* aetivo 
immunity may jier.sist for from I to several vears. 

Theories of Immunity. \ arions tinsiries haw* keen advanced to explniu 
immunity, -\mong llii'in ma_\ he iiieiilion<‘d tin* e.vlianslion theorv of Pasteur, 
who argued that the iinminiitv uas due to the hu-k of snitahle f«iod for the 
bacteria, and the theory of .MetelinikolT, who considered that the imninnity 
wa.s duo entirely to tin* jdiagoiw t !<■ pro|M'rties ot tin* IenkiM*\les. 'I'lie lenktH*vt;(*H, 
according to him, had li.xliig and digestimr properties for haeti*ria, the former 
correspomling in a Jiicasnre to Wright and Ihniglas' ojisoniiis, as at times 
they might ho lilH*rat(*d hy tin* ])Iiano<*\tes. lie I'oiisidered also that the lenko- 
eytea had the property of ahsorhing toxin. 

Kxperiments which showed that the hlood of persons reeoven'd from in¬ 
fections or of animals iinninnized against certain organisms liad a protootivo 
power gave rise to tin* humeral theory. 

Euui.icii’.s Sii)i,-< ii.MN 'riiidiiY. Khrlieh’s side-chain theory, wliich 
graphically permits of an explanation of many of the jihenomena, was ad¬ 
vanced in ]8!)7 and is still most highly rcganhsl. 

In 189(5 AVeigert proposed the following hypothesis to (*xi)lain hyjM-rpInsin 
resulting from irritation or injiiiw : I ln* inaintenanee of normal sfrnetiire and 
function of tis.sm*.s dcjicnds on the eipiilihrinm jn-odneed hy a serii’s of nuitiiul 
restraints exercised hy ncighlioring cells on each other, d'he functions of 
the cell it.sclf dcjicnd on similar restraints <*,\<*reised hy its component units 
on each other. Injury or irritation of one of these* c■ellH <ir component units 
changes the relation of all the other e<’lls or units to each other and unre¬ 
strained development or growth takes jdaee. Tliis growth, Weigert points 
out, always goes ou to exce.ss, meire new material heitig produced than is neces¬ 
sary to replace that lost. 

This hypothetical rea.«oning will explain the orviirrencc of free antiboelies 
and will enable us te> eeanprehend the eepially hypothetical sidti-eluiiri theory of 
Ehrlich. Ehrlich points otit that a cell has 2 functions, one which has to do 
with a physiological process, such as gland weretion nr nerve conduction, and 
the other with nutrition. That portion of the cell which distdiarges the physio¬ 
logical function mu.st 1x5 nourished. The pro[x5rty of providing nourishment 
must be regarded as due to a scries of activities separate from those that have 
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to do with the phyBiological activity. The former is the more important func¬ 
tion in relation* to inuminity. It enables the cell to appropriate food from 

the circulating fluids and to elaborate it into molecules 
of protoplasm to replace waste. This property is proba¬ 
bly at bottom a chemical process, the food molecule be¬ 
coming attached to some portions of the cell or groups of 
atoms for which it has a chemical affinity. These 
groups he calls side chains, haptines or receptors (Fig. 
1), While their principal function is to convert the 
particles of food into a condition suitable for assimila¬ 
tion by the main portion of the coll, they also have a 
variety of other functions. These enable them to combine with substances 
which are not food. One of these substances is the toxin molecule. The toxin 
molecule may bo represented as containing 2 groups, a haptophore or com¬ 
bining group and a toxopliore group (Fig. 2). The liapto- 
phoro group penuits the toxin molecule to attach itself to 
the haptfne or receptor of a body cell and tlnis enables tho 
toxopliore or poison group to exert its enzyme-like action on 
the cell (Fig. fl). Depending on the number of toxin mole¬ 
cules anchored by a cell, the cell may lie injured or destroyed. 

If tho insult to the cell has not been enough to destroy it, 
there takes place a great change in cell tension and there is an 
immediate regeneration of fresh receptors to replace those 
lost. If this phenomenon is reproduced .several times by doses 
of toxin insufficient to destroy tho cell, the cell eventually develops the faculty of 
manufacturing more receptors than it can accommodate! and the.so are thrust off 
into the circulation, thus fonning toxin receptors or antitoxin ( Fig. 4). It will 
bo readily seen that, if these free receptors combine with the toxin molecule, the 
latter cannot attach itself to the cell and its toxopliore group is rendered inert. ' 
Many experimental facts have been brougl , forward in support of this 

theory, and its simplicity permits of the 
presentation of tho principles of immunity 
in a concrete form. 

Receptors or antibodies, according to 
Ehrlich, are 7iot all of the same composition 
or structure, and individual receptors may 
exercise entirely different functions. Each 
cell is .supplied with a multitude of those 
receptors, which, when thnist off, constitute 
antibodies. Ehrlich has divided the re¬ 
ceptors into orders. The first order, the 
simplest of these antibodies, is represented 
by the antitoxin molecule, which has only a single group, a haptophore or com¬ 
bining group (Fig. 5). The second or more complicated order is represented 
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Fio. 3.—Cell with Toxin MoLECX7i.Ea 
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topborb Group and Receptor. 
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the combmmg or bnptophoro group ( b'ig. li). Tlio fliiri or B„»t ,«mplio.led 
order contains 2 combinin<r {J^roups aiul nmv 
be typified by the ainlxH'i ptur (Fi^r. 7). 

This group requires for tlu* (‘oiii|)|,.ti,>n 
of its activity tlio presence of (‘oitiple- 
ment. 

According, to Ehrlich, niulxHM'ptor is 
formed for tlie iiuchoriiig of moltviihs too 
large for tlie siniph' reec'iifors whidi uiichor 
the toxin inoloculc. I Ik* iiiiihoec'ptor p<is- 
sesscs 2 haptophore or ('oinhiiiiiig groups, oiie 
to couihiuo with the nioh'cnh' of f<M><I nui- 
'terial and the other to eonihiiK* with the' digestive' cii/.miic or eoui]>l('uieut wliich 
breaks down the large iiioleeiih' and prepares it for utili/atioii. In tli<’ siiiitu way 
the amboceptor combines, on the on«' hand, witli antigen and, on tin' otlu’r hniid| 
with eomplenu'nt. :i principle made u.sc* of in the' Wiisaor- 
mann reaction. ('omjiienu*nt, therc'forc', must have 2 groups, 
a combining or liaptoplion' group and a /.ymojihore or di¬ 
gestive group, and must belong to the si'c'oud order of anti- 
bodit's. Its rest'inldanei' to the fo,\in nioleeiilo will l>e evi¬ 
dent. This n'.seinblanee has la'cii further estiddislu’d by 
the production of antieomplement. ('(tmplement is present 
normally in the blood and is ('usily destroyed by heat, acids, 
etc. Only in combination with complement is the arnlx)- 
ceptor able to di.s.solve Itaeteria, cells, et(\ Sera containing 
receptors of tlu; third order an* bacteriolytic or badoricidol 
only when combined with com|ileni('nt. 

Immunity to Toxi.v.s.— In the dexelopun'jit of the resistance* of the body 
there are 2 factors involved, the immunity to t<)xins and that to bacteria. It 
is possible by the injection of suitable small (piantities of baetiirial 
toxins at suitable intervals to render an otherwise! sii.seeptihle aiii- 
tnal immune. Immunization ngaimst a toxin confers also some d(‘- 
gree of immunity again.st the pathogenic action of the organism 
that produced the to.xin. An animal imnitini/.ed again.st the toxin of 
one bacterium, however, is not proteetc'd against flu! toxin of another. 

The toxins are of 2 varietif-s: the crlrdcclhilar or soluble toxins 
produced and liberated during the growth of an organism and tho 
intracellular or insoluble toxins which are lilierated only on the 
death and disintegration of the organism. The former may be 
separated from the organisms by filtration. .Mi pathogenic bacteria 
do not form them. Two organises w'hich fonri them freely and 
which have been extensively studied arc H. diphtheria! and ]!.■ tetani. The 
uttraoellular toxins or endotoxins constitute a property inherent in the bod- 
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ies of the bacteria and not liberated during growth. The subject is not en¬ 
tirely clear, sontb investigators claiming to have isolated endotoxins and to 
have produced antitoxins against them with killed organisms and others de¬ 
nying the possibility of producing such antitoxin. Organisms such as the 
pneumococcus, which are not known to produce an extracellular or soluble 
toxin, are supposed to exercise their harmful influence when endotoxin is 
liberated by the death and solution of the bacteria. 

It is now generally accepted that toxin and antitoxin form compounds 
which arc devoid of toxic action on animal cells. Various 
proofs that this union is chemical have been brought forward; 
the most striking of which, by Martin and Cherry, showed that 
‘^*OBDEn^K^*T> toxin would pass through a filter iiuprcgnated with gelatin, 
BouiBH Havinu while antitoxin, apparently having a larger molecular struc- 
Qroups (Ambo- turc, would not. 'I'liey also demonstrated that, when a freshly 
obptob). made mixture of toxin and antitoxin was placed on a filter, 

the first portio!! of the, filtrate was toxic but that this toxicity 
diminished in later portions and was absent a few minutes after the mixture 
had been made. The inference was that the toxin and antitoxin had combined 
to make a molecule too large to pass through the filter. When freshly made mix¬ 
tures of toxin and antitoxin are exposed to a temperature of 70° C., the toxicity 
is restored, the antibody having been destroyed and the toxin resisting this tem¬ 
perature. When this mixture has been allowed to stand for some time, however, 
the toxicity is not restored by a temperature of 70° ('. It is apparent that the 
molecule formed by the union of toxin and antitoxin, being less thermostable 
than free toxin, has been destroyed. Ehrlich showed that toxin and antitoxin 
combined in definite proportions. 

Toxins against which antitoxins may l)c produced possess 2 groups: a 
haptophore or combining group and a toxophore group. 1’he latter may bo 
destroyed witfiout inj\iring the former. This has been observed in old prepara¬ 
tion of toxins. The resulting molecule is called a toxoid. Tt is still capable 
of combining and of e.xciting antitoxin formation, but is not toxic. 

BACTERIAL IMMUNITY.— The main factors in bacterial immunity are 
bacteriolysis and phagocytosis, operating cither independently or in combina- 
tfon. Phagocytosis constitutes the main defense and is so effectual that or¬ 
ganisms very rarely find a foothold in the circulation. It is highly probable 
that in most infections bacteria gain entrance to the circulation but in the 
great majority of instances they aro very quickly destroyed. Normally the ■ 
blood contains substances which render the bacteria susceptible of ingestion, 
and destruction by the phagocytes. These bodies, called opsoiiins by Wright, 

. are supposed by him to exist in the circulating blood. Other observers have 
claimed that they arc developed during manipulation of the blood and arc tho 
result of clotting or of phngolysis. In support of this, it has been pointed out 
that in tlioso portions of tho body where the circulation is slowest and leucocyte ' 
destruction—and therefore, opsonins—most abundant, as the spleen and bone 
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marrow, phagocytosis is most mnrko.l, and that it ,I,k's not invur oxjn'rimontally 
to any degree when haetoria are niix<*d with hlood in situ, as in a normal 
ventricle cut oiT from the eireulatimi. I In* opsonins resi'inhle eoinpleniont in 
being therniolalnlc, altlnnigh some snli^tanci's which act as o]isonins are ther- 
mostabilo. Similar bodies wt'n* dis<*ov<*rcd hv Ni'iitcKl ui I'.HlJ In the hioiul of 
pneumonia patients and calliMl by him hacti'riotrtipins. ’l’In*v pla\' an iinportiint 
part in reco\ery in that disease and ar<* reganlcd l>v some as idi'iiticai with 
opsonins. Ihcir action, howei'er, is spe<*ilic. as normal opsonin is wliollv with¬ 
out effect on \iruleiit pin'iimococci wliih* ba<‘tt*riotropins pt*rmit or canso their 
ready ingestion by the phagiH'vtea. 

The phenomena of destruction by phagix'vtosis ditTer materiallv from tho 
phenomena of bacteriolysis Or i*xttaci“lhilar solnlion, the latter nei'cssitating as 
it docs both ambiK'ejitor or immune bodv and comph'nu'iil. I'lu* results, also, 
are different, as in d<‘stru<*tion by pliayoci to-^is it is probable that the endo¬ 
toxins are destroyed or nentrali/ed, while in din-.t bacteriolysis tlmy aro 
liberated. 

Summary.—To recapitulate*, for the de\'i*lopment of immunity lh(>ro must 
result from the injection of antige*n tin* formation of nnlihodii*s. 'l'h(*se niifi- 
bodies may be of fi(*veral kinds: antitoxins, a;:o|ntinins. opsonins or bacterio- 
tropins, bacteriolysins, etc. H lu* antibo(]i(*s, whetlier bai*terioIstie or <*ytol\'tic, 
arc specific in nature, ft is eone<*ivable that \\i* mav, ibrongh tin* indis<*riin- 
inutc n.se of vaccines (antigens), by lowering tin* antibody prodin*ing power 
of tbo cells, interfere with the normal th'velojnnent of jirofeetivo antilsidies. 

VACCINES 

Preparation of Vaccine.—\’ae<*incs are; nsnally j)r(*pared from cultures 
grown on .suitable .soliil m(*dia. Sonn*, however, micIi as the tubercle bacillus, 
aro grown on liejuid media. With tin* inl<*nlion of ke(*ping the e>rganismH 
as little cliangcd as possible, various wa^s of alti*mialing tlM*ir virulence ami so 
permitting tlie use of live organisms bave bei*n trii*i!. Organisms in tbo 
living state arc very rarely used, liow«*\«*r, in tbe \ ne<*imilion of linman beings. 
They are killed cither hy heat, ex{»osnre or ehemii*als. lOaeh method Las its 
adherents, almo.st all admitting, Imwevi-r, that the i<leal vaccine would Imj 
composed of living organisms attcnnat(*d just to-the jKunt where they would 
not harm the ho.st yet were active c-nongh to e.xi*ite contirinons untihijdy for¬ 
mation. 

As this end has not l)cen attained and the orgunisms must nsnally bo 
killed, the method mo.st g(*ncrally adopted is exfiosnre to as low a temperature 
as will do this (GO” C. for 1 hour). 

The routine method at the Xew York Hospital is as follows: The material 
supplied, if suitable, is used for streaking plates witliout any previous manipu¬ 
lation. By this method the purity of the culture is assured. If unsuited for 
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direct use, a tube of broth is inoculated with one or several loopfuls of material, 
thorough distribution of the organisms is attained by shaking and plates of suit¬ 
able media are streaked. In this way information is obtained as to the variety 
and relative number of bacteria involved. 


To decide which bacteria are directly responsible complement deviation 
tests of those isolated arc sometimes necessary. In some cases it is possible to 
determine from their pathogenicity which are the causative organisms, as, for 
example, in the isolation of a typhoid organism from a gall-bladder sinus. 
However, the organi.sm must bo of definite pathogenicity to justify such a 
procedure. 



Fio. 8.— Ai'PAKATUb Fou "Fractional" Stemli^atjon or Vaccinbs. 


After the cultures havg been grown for 24 hours, they lire washed into a 
sterile test-tube wdth 6 to 10 c. c. of sterile salt solution. The clumps are 
broken up as far as possible by vigorous and prolonged shaking, the tube is 
centrifugated a moment to remove the larger particles, and the number of 
organisms per c. c. determined by the method devised by Wright and Douglas 
or by counting directly in a counting chamber. The methods for the estima¬ 
tion of the number of bacteria are only relatively accurate. The bacterial 
suspension is now diluted to the proper strength for injection and is divided 
among 4 test tubes. The organisms arc killed by heating at 4 different tem¬ 
peratures—65°, 70°, 75°, and 80° C.—hour. The apparatus used (Fig. 
8) consists of a series of constant level water-baths oijuippcd with automatic 
gas controls and thermometers. In each is a perforated diaphragm for sup¬ 
porting test-tubes containing vaccine. The baths have covers, thus insuring a 
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fairly uniform temperature for all parts of tlio tuln*. In tliia way the ob¬ 
jection m^dc to the opon.halli. lliat or^aiiisins sjiillod on tlio sides of test tuboa 
may not bo killed, is overenme. 

After hcatiii", cultures are made to insure sterility, the dilTereut aua- 
pensions are combined, and the vaccine is put up in sterib* hyj*odennie viala 
closed with ,rubl>er i*aj)s. 'I'liromih thes*- caps, after inmiersion in alcohol or 
application of a dr<»p of earlxdle, a hvpodennie lU'cille may 1 k‘ thrnst and 
the vaccine withdrawn as needed. 'I'lie strength of the xai-eines varies frttiu 
100 to l,0t)0 millions to tin* e. e., depending: on the oi^aniMos involvml. 



I'll. ('ti-ii.i\io l‘iri.i. 


Standardization of Vaccines. <lf the various melhods piopo,se<l for the 
standardization of ^■aeeines. the method de\i-'ed by Wrijihl is probably most 
widely u.scd. I»y it tlie ratio of oraani^ni' in a eiveii >nspeiisiou to reil bloial 
cells is (Ictermined in a slaineil >niear. 1 he liaefioial suspension is nnuh^ as 
directed tinder jin'paration of \.ie<dne. .\ eapill.ny pipit (I'ia. ) is marked 
about VI; fi'oin the (Mid. Illood Irum a Iri"-!! puneinre is drawn np to (his 
point, a small lathhU* of air is drawn in. and then the haetiM'ial siispiMision is 

drawn up to mark. Tin* etpial (piantilies ot hi.1 and siispiMision ohtained lii 

this way arc blown out on a fthiss slide, mixeil thorom'hly hy drawinj; in and 
out of the pijiet se\(M-al times, and a smear is made from a drop of this 
mixture, I'lic slide is stained with a po|\ehronie hlood slain and llie relative 
number of rcfl eeils and haeliM'ia eoiinted m a miinber of lields. At h'ast 500 
red cells shoiihl ho (■oiinted. nilecl oeiihir dniphra.trm aids irr(*a(l_\ in (ho 
countiiifr. If tlii.s i.s not aiailahh*. the slide may he divideil into stpiaies. 
Taking 5,000,000 as the averaoe iiiiinher of n d cells per e. mm., the niimlKir 
of bacteria per c. e. inav Is* (‘stinialed. I here art* ver\ many soiiriM’s of error 
in the method. 

The organisms niav he eoiinte<l direelly in a IIell»i*r-/oiss counting (diatn- 
her, uaiiig^'a red or white cell [dpet for dihIlinL^ 'I'liis method is nion; ac¬ 
curate than Wriaht's hut takes longer. 

A 8j)Ccial ceuti’ifng(‘ tiihe has ln’en devised h\ Ilojikins, in \.hj<h the snspon- 
sion, filtered through cotton, is centrifn.L'ali/.ed for a detinilo time at a e/nistant 
speed. This gives a uniform .sediment, wliieli is made np to a 1 per emit, su^ 
pension. The value of this .siispiMi.sion for the dilT(>rent ()rf>ani.siii8 has Ik'cii esti¬ 
mated. The method is accurate for organi.~ms of a constant size. 

It will be soon that only a relative accuracy i.s achieved in standardizing 
vaccines. Thi.s is sndieient, however, for jiraetical purposes, as l>ecaU8e of 
the variation in the organism.s theinH(dv(j.s-- tlio dose, after the first one, must 
be detenu ined bv the efftsd. 

D9sage of Vaccines.— The first d(jsc of vaccine must ho decided arbitrarily f 
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the subsequent doses are dependent on the reactions resulting from the first. 
Clinical data arc usually relied upon for detenniniug the size and time of all 
doses but the first. The opsonic method for controlling the dose, etc., has fallen 
into disuse because of inconstant results. The initial doses recommended by 
Wright for the various organisms are as follows: 

Gonococcus, 5,000,000 to 50,000,000. 

Colon bacillus, 5,000,000 to 50,000,000, 

Pneumococcus, 10,000,000 to 50,000,000. 

Typhoid bacillus, 5,000,000 to 50,000,000. 

Streptococcus, 10,000,000 to 25,000,000, 

Stupliyloco(;cus, 50,000,000 to 1,000,000,000. 

These fiRurca aerve as a roiif^li ^uidc for the initial doao only. If following the 
initial dose there is a nmrkfd loeal or eonstitutional roa<;tion, no subsequent dose 
should be given until after this lias aubaide<l. Loeal redness, tenderness, or induration 
to any considerable extciif^ with eonstitiitional disturbaiieo and increase in special 
symptoms, are indicative of overdosage. 

Interval Between Doses —The usual eustem is to alk)w an inten'al of 5 to 10 
days to intervene' hetween doses, so us to avoid tlie so-called negative phase. With the 
object of developing the iinriniiK' bodies as rapidly as possible, it has been the custom 
for Hcveral years at the New York Hospital to start the tri'atiueiit with daily doses 
for the first 5 days, uidess coiitra-iudieated by reactions, and then to give injections 
at 6-dny intervals. There is ('xperimeiital evid<'iHv to prove that agglutinins may be 
raised more rapiilly by this method, ami there is a possibility tliat other antilwdies arc 
similarly intluenced. The n'siills by this inefluxl have been satisfactory. 

Prophylactic Vaccination. —The injection of vncciiu's of staphylococci or strep¬ 
tococci before operation in the Imiw of avoiding inb'etion by developing immunity 
against these ergauisius must he rc'gardcd as an unsound proei'^lure. In the present 
state of our kTiowletlgi', we can be none too sure that no harm will result. 

Following the administration of.a dose of vneeine, animals are prone to become 
ill and while in this condition certainly are less resistant to infection. It hardly 
scorns wise to subject a patient to possible injury and so reduce his resistanee. 

Sensitized Vaccines.—Suusitizod viieeinos have been prepared for a number 
of diseases. Living cultures are submitted to the action of sp('cifi<^ sera, the or¬ 
ganisms are separated from the sera and used as a vaccine, d’bis vaccine will 
contain the organisms pltus the antibodies which have become attached to them 
while in contact with the st'rnm. This method has been used by llesredka for 
immunization against typhoid, in which he claims e.xcellcnt results and no 
drawbacks. The method is also used by the Ihisteur Institute of Paris for the 
preparatioli of antirahic vaccine. The dangers of using living cidtnres have 
limited the employment of sensitized vaccines. The advantages do not seem to 
offset these dangers. All organisms cannot he sensitized, so that at best the ap¬ 
plication will bo limited. 

Stock Vaeoines. —In every case autogenous vaccines, where available, are 
to be preferred. Where a vaccine seems indicated, how'cver, and an autogenous 
.one cannot be prepared, a stock vaccine is permissible if the connection between 
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the disease and a particular orjraiiisiii is uiuiuiilitt'd. Rivaust' of the iiunilior 
of strains and the variation in tin* (lilfcr«*ut strains of tlic same (»rfianiain, t^’en 
when the causative afrciit is knovsii. an iiutoe<‘n<»us vac'ciiK' is vastly to Ik^ pre¬ 
ferred. The nuuil)cr of strains ol iron<K*<M-«M witli t|ualitative dilhnH'uct's, iso¬ 
lated by Torrey, illustratt's tliis point. \\ )i<‘re an antoirenous >’anin>t, Ik; pro¬ 
cured, a polyvalent vaccine made from a nnmi'cr of strains of tin* same oritaii- 
isin should he us(‘d. Many factors, imdudimr uncertain .so\ircc, aj;c ami 
strength, argue against the stiu'k vaccine. 

In no case should a stock vaccine !»• u'-cd wiilimit dclinili' inforiiialion as to tin? 
causative npi'iit involvisl. 'I'lic infections in wlddi iii<i>t lu iu tit has luen dcrivctl foniv 
the use of stock vaccines an; tliosc in \vhi< h the staphvlococci arc conccrni'il. 

Stock vaccines mnst, of conr.se. he nseil for ant^yplioid iiuK'nlation. 

Mixed Vaccines. - 'lliis term is n>ed to id4ailifv \'a<'cines <’onhisling of 2 or 
more different bacteria. 'I'lny mnsf he diilcreiitiaied from polyvalent vatt- 
cincs, whicli (’ontain scs'c'ral dith'rcnt sir.iin' <d the same hacicrium. 'I'hi>re 
can scarcely he any sjoctililic method lor ilie ap)dieatioii id’ a mixed vaeeine. 
While we may ho ahh; to determine hy the plate melhoil of ciillnre the variety 
and relative luindjers of organisms in the particular material supplied, this in 
far from hoing a safe guide to the actual immhcrs ami relative importance 
of tlio organisms involved in the procc.-v. In mixed infections tin* comjilement 
deviation test may prove to he a jiraciic;il help. 


APPLICATION OF VACCINE AND SERUM THERAPY TO VARIOUS 

DISEASES 

% 

Acne. —Staphylni'occi of all \ari«*fics arc found in this condition sotno- 
times associated with tlic ‘‘acin’” liacillus. an organism of the dijihtheroid 
type. Vaccines of the former arc readily pr<-parcd, hut the latter grows with 
difficulty. Where improvement is not oIit:iim*d witli the staphylociwens vac¬ 
cines, the “acne” vaccine may lie tried. I he local and gcmjral treatment 
should be continued while the vaccim-s are licing uscil, hut oven under those 
conditions the results arc tint always .salisfactoty. 

Chronic Furunculosis. —"I'lic most brilliant aihicvrincnts of vai‘i-iiir> thf'nit>.y have 
been, attained in chronic fiirimciilo.'-is. Aii.v varict.v of tht; Htafihylococcus may he 
present. AiitoKcnons vaccines arc easily iircparcd. If ati aiitogciions vaccine is not 
available, however, a stnek vaccine iirct>ari d frotn several striiins of staphyloeoeei may 
be used, but if prompt imiiroveinent floe*, tiof bdlow it should he ahundonrsl. The 
first dose should ho larire. almiit .'JOO.OfKt.tMiO; mihseipient doses may have to he larger 
or smaller, depending on the reaction. Daily dual's are. given for days unless the 
reaction-s are severe, .subsequent doses '■honbl be given at .'5-da.v intervals. 

Carbuncle.—The 8tap)iylocrx>cna auretjs seems uniformly to 1 »p the or¬ 
ganism involved in this condition. Autogenous vaccine should fjc used, how- 
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ever, wherever practicable and the dosage should bo large. Attention to the 
gei^eral health and diet of the patient is very important in conjunction with 
proper surgical measures. 

Anthrax.—Although the manifestations of this disease suggest the pres¬ 
ence of a toxin, there is no experimental proof of its existence. Attenuated 
living vaccines are used in developing immunity in animals. For the condi¬ 
tion known as malignant pustule in man, serum has been used with success. 
It may be obtained in the open market. It should be given also in pulmonary 
anthrax. If the scrum is not available, killed vaeeines may be tried. 

Arthritis.—I’ho type of arthritis following definite localized infections 
%hould bo amenable to treatment with organisms isolated from the site of the 
original infection if their relation can be established by complement deviation 
tests. Unfortunately this relation cannot always be traced, and frequently 
in cases of long standing no definite focus of infection can be found. Re¬ 
cently several organisms have boiui isolated by Rosenow from the glands in 
the neighborhood of tho affected joints in chronic arthritis, and vaccines 
made from these organisms are being used. Vaccines made from organisms 
whoso relation to tho di.scasc has been establislicd by complement deviation tests 
alone have been used with sonic degree of improvement. The results, while 
encouraging, have not been brilliant, however. 

In these conditions all possible acce-ssiblc sources of infection must be 
kept in mind, as tho accessory sinu.scs, antrum of Highmore, teeth, tonsils, 
oars, urethra, uterus, prostatfc, bladder, etc. The source of the infection, how¬ 
ever, if it is an infection, may bo in an organ not readily accessible, such as 
the gall-bladder or appendix. 

Bacillus Aerogenes Capsulatus Infection.—In conjunction with efbeient sur¬ 
gical treatment, tho use of vaccines in this comparatively rare and relatively 
fatal infection may be of assistance. The initial dose should be small. 

Cholera (Vibrion Cholerse).—Sera have been prejjared which have a pro¬ 
tective value in animals but no curative value. Tho scrum of recovered pa¬ 
tients is very strongly bacteriolytic. Ilaffkine, using attenuated living or¬ 
ganisms, has used preventive vaccination in India with considerable success.. 

Infections with Colon Bacillus.—Orgaui.sins of tho colon group have been 
isolated from a variety of cobditions. They are ]>ronc to locate in the gall¬ 
bladder and pelvis of the kidney. The variations in tho members of this group 
and the marked differences in tho biological characteristics of the different 
varieties make tho valvie of stock vaccines of tho type usually used (the bacil¬ 
lus coli communis) highly problematical. The inemlxrs of the group extend 
from the eoli communis, through the paracoli and enteritides, to the paraty¬ 
phoid group. Autogenous vaccines are the only ones whose use is justified. 
Even with autogenous vaccines the results in cases of pyelitis, etc., are fre¬ 
quently disappointing, possibly because the places where the organism thrives 
are not accessible to the immune bodies. The u^al initial dose is'about 
60,000,000. 
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Diphtheria. The production of diplithorin untito.xiii funiindios a practical 
example of the development of an active immunity, 'I'liis orpiiiiam furnishoa 
a soluble toxin and this toxin is available fi»r immuni/ation. 

As marketed, diplitheiia antitoxin contains from .'JOO to 2.000 units to the 
c. c. The usual sites for injection are tin* hxisc sulKuitaneous ti.ssues of the 
abdominal wall and between the shoulder hlatles. In urfu'ut casi's (lie iujw’tion 
should bo made intravenously. Park has shown that where, after sulKUitaueoua 
injection, the blood will show 2 units per c. c. after 0 hours, it will show 20 
units per c. c. after same period if a similar injection has Ikmui piven intra¬ 
venously. 

The same authority strongly reeommeiab one large dose instead of several 
small ones and has supported his reeomincndalion by showing cxp(‘rimentiilly 
that, of 2 animals inje(*ted suheiitaneonsly, one with 1 dose of l.''),00() units 
and the other with 4 doses of .').000 units each at S-hour intervals, the blood 
of the former after a short time contained o\er 0 linu's as jiiany antitoxin units 
to the c. c. It was not until aftm- d da_\s that the strength of the lntt«*r in unita 
of antitoxin to the c. c. of blood e«|ualed that of tin* former. 

The doses recommended for <-hildri‘n are jis follows: when seen on first 
day, 6,000 to 10,000 units suheiitaneonsly; on second day, 10,000 to l.'t,000 
units subcutaneously; on third day, lo.ooo to l.'i.tlOO units intyavenously. 
Even when seen early, if the membrane is extensive, involving the jdiuryux 
or larynx, intravenous iujoetions are advised. In very severe or late cases 
doses of 20,000 to 100,000 units may he given intravenously. There is some 
evidence to suggest that large doses may si*j)arato tin* toxins from their com¬ 
binations with the cells. 

If there is no distinct imiirovcment in the general and local condition after 
twelve hours, it is customary to icpeat tln’ dose or to give a larger iloae. Park 
claims that if the initial dos(‘ is ol .sutlieient si/e this will he unnecessary. 

All children exjioscd .should he immunized, the immunizing dose varying 
between 300 and 1,000 units, dejamding oii the age and size of the child. The 
protection persists oidy for from 1 to •» weeks. 

Active immunization has been used with s»mi(! sueeess for the treatment of 
“carriers” of diphtheria bacilli. An autogenoiiH vaccine ahouhl ho prepared. 

Dysentery.—d'he bacteria which am regarded as causative factors in dysen¬ 
tery have been divided into 2 classes, those not fermenting mannite and pro¬ 
ducing a soluble toxin—the Shiga tvjie—and those fermenting mannite and 
not producing a soluble toxin—the I’texncr-llarriH type. Organisms Iwlonging 
to the latter tvpc are the ones most prevalent in the United States. 

No satisfactory results have Iwen obtained in active immunization against 
both types. 

In Japan passive irnmnnization with antidysenteric scrum prepared against 
the Shiga typo has reduced the mortality from 22 to 20 per cent, to 9 to 12 
per cenL As this organism produces a free toxin, the scrum is antitoxic in 
nature. Sera prepared against the variety of organism prevalent in the United 
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States, however, must depend on bacteriolytic properties, as these organisms 
do not |Jroducc soluble toxins. Therefore, the serum will be antibacterial and 
not antitoxic. No definite beneficial results have been obtained from these 
sera. More recently a polyvalent serum has been u.scd with some success, 
possibly due to antitoxins produced against the Shiga bacillus. 

Shiga’s serum is given in 10 c. e. doses repeated in fi to 10 hours if neces¬ 
sary. The same doses arc given on the second and third d.ays in severe cases, 
but not over 20 c. c. arc given in one day. The sera against the Flexner- 
Ilarris type have bectn giv<in in larger doses, up to 100 c. c. 

Erysipelas. —I'lrysipclus appears to he n self-limited disease in wliiLdi vaccines, 
leukocyte extracts, sera and jtroiirietary preparations are apparently without any influ¬ 
ence. In a numher of eases (9r>) ohservcsl hy Erdman at Helleviu* Hospital treated by 
vaccines prepared from stock ctdttires, hy trade stock vaccines, and hy other proprietary 
bacterial rem(Hli(!H, the duration t)f the disease was not lessened; tlic mortality remained 
at the sarno level; there was no iniinunity against recurrence, spreading or complica¬ 
tions and no ehang(' in the suhje<;tive symptoms as coiTipared with the control eases. 

Graves’ Disease (Exophthalmic Goiter). —Tlie hopes that wore raised with the 
introduction of antithyroid serum have not heeii fully realized. Tlu' serum appears 
to have no influema’. in many cases. Its speci(i<aty has he(>n (luestioned, it having 
been argiuvl that the j)r<'cipitato obtained when the antigem is jirepared as directed hy 
Bwdio contains salts of protein and nmdeic acid instead of nu(‘leo])roteid, and that the 
Antibodies producc'd arc due to tlie protein introduced. If tried aiul found to have no 
offdet on a given ea.so, tlic u.so of the serum should not ho persevered in. 

Glanders. —The disease is recognized under 2 conditions, one known as 
glanders, in which it involves chielly the nineoiis iiKMiibranca, and the other 
known as farcy, in which the prinei|)al lesions arc located in the skin. The 
causative organism is known as the. haeteri\uu mallei. 'I’lie diagnosis is made 
by agglutination tests and hy inoeuhitii\g male guinea pigs subcutaneously 
or intraperitoneally with purulent material or blood. Ju positive cases 
enlargement of the testicles follows. 

Mallein, prepared along the Ihies of Ivoeh’s old tuberculin, is used for 
diagnostic purposes in animals. It has no enrativo value. Attempts at active 
and passive immunization have lesulted only in failnre.s. 

Gonooocous Infections_ comi’Lkment-fixatiox tkst (sciiwartz and 

MeNElL).—A polyvalent antigen is pn'pared from various strains of gonococci 
grown on salt-free veal agar, neutral to phenolphthalcin. Twenty-four-hour-old 
cultures arc washed off the agar slants with distilled water, and the resulting sus¬ 
pension is heated for 2 hours on the water-bath at .'')(>° C. It is then centrifu¬ 
gated and passed through a Rcrkcfcld filter. When desired for use, this antigen 
is made up to 0.9 per cent, salt solution by mixing 9 parts of antigen with 1 part 
of 9 per cent, salt solution. The antigen is preserved in small quantities in 
sealed tubes heated to .'50° C. for Ih hour on 3 successive days. Prepared in 
this way, it will keep almost indefinitely. It is standardized, if possible, with 
a known positive serum from a clinical case. If this is not possible, immune 
i;gbbit serum may be used, provided the minimum amount of serum which will 
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completely fix complement is used. The nnti-sheep hemolytic system i# used. 
Immune rabbit serum may be obtained in the market. Tlie technic and 
controls are much the same a.s in tlie Wassermami reaction, but the n'aiients arc 
used in 1/10 the quantity. 

Schwartz and McNeil rejianl the ctunplemenl-tixatiou test fiw punn'occus 
infection as clinically absolutely specitic f«tr the <;oni>c)iccus. The tuie po-sitivo 
result obtained aside from cases with <rouoc<Kvus iiift'ction was with a hi>;hly 
immune animal antiuieniiiirococcus serum. Sera from paticiits sulTcriiifr from 
meningococcic cerebrospinal mcninjrifis have Immmi uniformly negative. 

A positive reaction is not to he eNpeeteil earlier Ilian the fmirfli w«'ek, ami then 
Cnly when such coinplieations ns prostatitis, noiioeoeeus nrlhriiis. etc., have Hiijii'r- 
vened. A positive rcaetioii is not olitaineil when llie disease reiiuiins eoiitiiu'd to ihi* 
anterior urethra. A wi’iikly positive reaction iiia\ appear in the tliinl wi'ek whi*n 
the po'stcrior urethra has heeoiiie involved. In iiiieompliealt'd laisi's a reaelion is 
obtained only after 8 weeks. A eoiniilii-ateil ease nivc-s a ) -| or -j- j- | reai-tion in 
4 weeks. The fact tliat the early weeks of the iiifeeiion do not i;ive a positive reac¬ 
tion may be of value in ditfcreiitiating' a fre.sh iiifeelioii from tin* nviirrenee of an old 
one apparently cured. 


In females a positive reaelion will not be ohlaiiicd uiih'ss the cervix is in¬ 
volved. This is usually tlu* <’ase in women Inil is an iinnsiial condition in 
children, hoiiec the latter rarely give a positive eomplemeiit-li.xation test. 

A negative reaction sliould he uhlaiiu'd. as a rule, 7 or H weeks after cure. Tn 
other words, if a ]>ositive reaction is ohtaiiH'd i or Si weeks after a <’linieal cure the 
patient should he reiriirded as harhoritig irou”''orei. 

The test is of great value when a hai-leriologic.d I'Xamiinil ion fails. 'Ibis is i-spc- 
cially true in the female. If lli" eomplem. nl-li.xalion leM is negative and’the hae- 
teriologienl te.st positive, the latter should I.e ae.-epled only when the proof is abso¬ 
lute, i. e., the isolation of the gono<-oe<-n.s eiiltiirally. 

VACCINE AND SEltl’M TKKATMENT <)E liONOHRHHA. For treatment of 
gonorrhea, botli vaeeiims and mm a Imxe ius ii i inploycd. A polyvalent stock 
vaccine is usually used in an initial dose of .h(),i)i)(),000 in the chronic cases 
with gonorrheal involviMiient ..f joints ami other structures. Many obsorvers 
claim some help from lh<’ vaeeincs. Them is general agreement that they 
are of little or no lienefit in the acute processes. Cases treated with anti¬ 
gonococcus vaccine give a .‘•trongly positive complement-fixation test, showing 
that antibodies specific for tlie gonococcus arc readily produced in the human 

system. 

Improvement has been reported in cases of localized infection, such as 
tmlvovaginitis of children and epididymitis. Tn the former condition, however, 
relapses occur just as in the nnvacciimted cases. A shortening of the course is 
the most definite result, but this can he demonstrated only when a large series is 
considered and even then it is open to doubt The organisms, as in the infoe- 
15 
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tions (jf the pelvis of the kidney, are in a position not readily influenced, if 
reached at all, by immune bodies. 

In epididymitis and chronic infections of other adjacent parts, such as the 
seminal vesicles and prostate, cultures form the urethra after massage of the 
prostate and vesicles may reveal secondary infecting organisms against which 
a vaccine may bo used. It is well, however, to control their pathogenicity by 
a complement-deviation test. This vacciiu! should always be an autogenous one. 

Antigonococ(Mi8 .scrum ha.s been jirejiared, along the lines suggested by 
Torrey, by vaccinating rams with various .strains of gonococci. The serum, like 
the vaccine, gives no deliiiitc results in acute eases, hut some observers claim 
benefit in the cllVouic ca.ses and in complications due to the gonococcus. The 
usual dose is 2 to fi c. c., hut larger doses \ip to 12 to l.'l c. c. have been used. 
The scrum has not heem standardized, and its action may be due to contained 
antigen, as the aniTiials, j)rohal)ly deficient in their ahility to form antibodies, 
may lack the power to cond)ino the injected antigen. No antitoxic power 
has been dcmoTistrated. Scaiim sickm'ss is prone to follow its \i.sc and more 
than 5 to 7 days should mwen* elajtse hetween injections. The serum may be 
purchased in the open market. 

Hodgkin’s Disease.—Diphtheroid organisms (calh'd coryncbacterium liodg- 
kini) have been isolated from the glands in this condition and vaccines made 
from them have hc(m u.sed and improveimnit reported in some ca.ses. The 
history of the so-called dij)htheroid organisms shows that at one time or an¬ 
other they have been regarded as the camsative factor in almost all diseases 
of obscure origin. For this reason many refn.se to accept their as.sociation 
with Hodgkin’s disease as anything more than an incident. In judging the 
value of treatment one must not lose sight of the many unexplained periods 
of improvement which may occur in the course of an untreated ea.so of this 
di8ea.se. 

Localized Infections. -In angina, otitis media, adenitis, o.stcomyolitis, etc., 
the causative organism should he i.solatcd and an autogenous vaccine pre¬ 
pared. 

In conditions such as these, in which the camsative organism is not constant, 
every effort should he made to identify the bacteria involved. In otitis media 
usually several varieties are associated. The results of vaccine treatment 
in this condition are not very eucouraging, but vaccines may be of help in 
conjunction with efficient local treatment. 

Infections with Bacillus of Influenza.—In chronic processes following an 
acute influenza vaeeines of the iullueiiza bacillus should be of value if the 
relation of the organism to the process can he established. Other micro¬ 
organisms may play a pail. Their identity should always be detcriniucd before 
using a stock vaccine. 

Meningitis,—In all cases lumbar puncture should be performed to determine 
the character of the infection. For lumbar puncture the space between the 
third and fourth lumbar vertebne is the site usually chosen. This is on a level 
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with the highest point of tlio iliae ,-rests. The ].;ilient slioul.l Ik' K ing on his 
side with tliighs and m-ck stTongly ih-xed. ()eca>i<tiiiilly tlie sitting position 
is chosen. In some eases a sliglit »legrec nt general aiiestli(\-ia is mvessarv, 
but usually a inoderate degree of |o, al .-mestli.-sia lo free/iiig or e.n-ain is sulH- 
eient. Tlie spinal (-anal is la-aehed at a depth ol I to 1 •.. in. (in ehiUlren •*'i in.). 

The gross charaeteristies of tin- lliiid aia- a lielp toward diagnosis. With 
well-marked syniptoina ot nn-ninaiiis. a clear llnid nmler prer—iin- suggests a 
tuberculous process. \\ In-n :m epid(-inie pr<‘\alls, a tnrhid tlniil, in the ahsenett 
of any focus pointing to a diil<-renl ean.'-e. .--ngaesK tlie dip!oeoei-ns intraei-lln 
laris, and Ilexner-*Iol)ling s(-rnni should Is- inii-i-led at oin-e. Snn-ars and 
cultures should ho niach- ironi tin- llnid, Inil olien a posiii\i> haett-riologii-al 
diagnosis cannot he estahli.sln-il without some dela\’. I In- earlier the serum is 
administered, the lu-tti-r are tin- re-nIts. In the presi-nee of a foi-ns of in¬ 
fection, su(*li ns a fraetnri- ot tin- skull or an oiilis media, smears ami cultures 
should be earctnlly (-xamined for tin- infei-ling orL-anism. nsnally a strc-ptts-oe- 
cus, pneumococcus or staiihyliK-oeeus. 

In treatment by sc-riim the usual proei-dirre i» to draw olT as much sjnmi! 
fluid as will run (-asily and to inject slowK I rom ;’() to (»() e. of anti 
meningococcus serum, in s(-\(-r<-easi-s a second injei-tion may be made in about 
13 hours, but usually 3f hours ela|is<- b(-l\\e<-n Irealmeuls. Subsi-ipu-nt in¬ 
jections depend on the svmptoins, tin- iippearani-e of the Iluid, and the pres¬ 
ence of organisms. It is eiistomarv to conliiine treatment for a day or two 
after organisms have di.sappear<-d. (-ven if the temperature has b(-comii normal. 
A rccuri'eiice of the organisms in the llnid naturally i-alls for more tn-atmeiit. 
The serum is bact(-riol\tie. baeteriotro|iie. and anti i-ndotoxii- in action. 

Vaccination with di]iloeoeens intraei-llniaris for euratixe purposes lias been 
ineffectual, but jirojibylactic vae<-ination has met with .sonn- sueet-ss. 

In cases of meningitis due to str<-ptoeoeei ant ist rejitocoec-ic st-rnm has 
seemed to have a curative intlueiiee in i-onn- casc-s. 'I’he jiroi-eduro is the 
same as that outlined above for tin- mcningo(-oc(-us. 

No satisfactory sera exist jit jin-seiit tor treatnn-nt of staphylococcic or 
pncumococcic infections of the meninges. 

Pyorrhea Alveolaris.- Cultiin-s may lx- made from the root canal if the 
nerve is dead, from tin- fij> of the root n-aehed alongside the tooth or if an 
abscess at the root has Ix-t-n dc-monstratf-d by .\ ray by im-i.sing the gum and 
boring through the bone of the alveolar pnx-ess. The use of a suitable autog<*n- 
ous vaccine in connection with local treatment sei-ins to be of bem-lit in obstinate 
cases. It is in this field that compleni(-nt deviation work should prove; cspcjcially 
helpful. 

The streptococcus viridans has been i.solatcd from a nundier of cases. 
Pyorrhea alveolaris may furni.-'h a portal of entry for this organism into the 
general circulation, at times with di.«astrous results. 

Considerable work has been done in e-staldishing the relation of this condi- 
tidn, and the organisms isr)latcd from it, to cases of arthritis of obscairo orif^’ri. 
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Badllna Peatia (Bnbonio Plague). —The organism may be isolated from the 
buboes or from the blood. Vaccines have been used for protection and treat¬ 
ment and sera have been prepared and used. The reported results show wide 
variations. The prophylactic use of the vaccine seems to have reduced the 
morbidity. 

Infections with Pneumococci.—The pneumococci may be divided into sev¬ 
eral groups differing entirely in their immune reactions. Immune scrum 
prepared against one gi’onp will not protect against or agglutinate the mem¬ 
bers of another. Antipnetunococeus sera and vaccines have been tried exten¬ 
sively in pneumonia, but their routine use cannot be advised, as their value 
has not been clearly established. 

Localized infections due to the pneumococcus may be benefited by an autog¬ 
enous vaccine. That it should he an autogenous vaccine there is no question. 
The initial dose may vary between 20,000,000 and 100,000,000. 

Many of the so-called postoperative piieiiinoniaa are really not true pneumonias 
but inflammatory processes dun to emboli. Their course dilTers from that of a true 
pneumonia, and the organisms involved may not be pneumococci. The use of an anti¬ 
pneumococcus vaccine in this condition therefore is not rational. 

Puerperal Infection.—The organisms isolated from this condition include 
the strepto(! 0 (!cus, pneumococcus, colon bacillus, gonococcus, and bacillus 
aerogenes capsulatus. 

In every ease a blood culture should bo made, os in this way if successful wo may 
bo sure that wo are liuding and dealing with the causative organism. Failing in this, a 
culture from the uterus may di’inoustmte nii organism with patliogeiiic properties, but 
this latter method is always open to doubt. Tn a prolonged local infection, however, the 
use of n vaccine from this source might bo justified. The indiseriminute use of stock 
Htreptococcus vaccines, however, eanuot be eoniuiended. 


Cases liavc been reported which have been benefited by antistreptococcus 
serum. The mechanism of the action of such a sernm must be bactcriotropic 
and, as in the ease of the pncuiuoeoceus, tlio. serum probably must be prepared 
against the special strain involved. The iiidiscriminato use of aiitistrcptococcus 
serum, therefore, is irrational. 

Babies.—By vaccination against rabies, immunity is established after in¬ 
fection, that is, during the incid)ation period of the disease. Idie diagnosis of 
hydrophobia in a suspected animal is made from Negri bodies in the brain 
tissue or by inoculating an emulsion of the brain cord or medulla into the 
subdural space of a rabbit through a trephine opening. The organism causing 
the disease has not been identified. The vims as administered in all prob¬ 
ability contains the living organisms in an attenuated form. 

According to the method originally devised by Pasteur, cords of rabbits 
dead of the disease were used in preparing the vims. These cords were dried 
over caustic potash for varying lengths of time. For the first injection Pasteur 
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used a cord dried for 15 davs. Cords kept as lon^ us this aro now regarded as 
practically innocuous. Various uiodilinitioTis of the original pnx^cdure have 
been made. 

The scheme of treatment mlviscd hy the 1'. S. Hygienic I.alxiratory at 
Washington, known ns the iTitensi\e mefluul. is the one. followed hy the Depart¬ 
ment of Health of New York (’ity. 

• 

The treatment may be ndministen'd by llu* ]iby«ifiinw of tlie (lepnrtincnt or it 
may bo ndministenxl liy tlie jiatieiii's private pliv'^ieiaii. t<> whom the deparlinent will 
mail each clay the dose iippro|)riate for that d.iy. To pby-ieiaiis outside of tbe city 
who arc desirou.s of treating tbeir eases personally tbe do'.i* for eaeb day is inailc'il on 
tho preceding day or c'iirliiT if neeessary bec'an-.e of tbe lii-tioiee. Tbe preparation in 
always administered siibentaneoiisly into tbe abdoniinal wall. 

Tlic routine treattnent covers ila\s. On the lirst, liay a niixlnre of eonls dried 
8, 7, and 6 days is given; oti tbe second day a niixlnre of I- and Il-ilay cords; on tlio 
third day a inistnre of niid l-ilay cords; on each siieeeediiig day a dose is given 
derived from a cord dried from .'i to 2 d.i>s. Only in ran- eases are 1-day cords visoil 
on eighth and twenty-lirst days. 


Very rarely an altiiek of ptiralysis It.is (le\eloper! (luring llie ailministra- 
«tion of the \'ii’US. 1 host' liiivt" iisti;ill\ heeti mildi hiif some severt* (*Hses hiivo 
been reported. ^Itinv moditir'jilioiis in lli<* prepartition of the virtiH have been 
devised to avoid the jiossihilily ol hut llndr use cimuot he advised at 

present, ns their value, like that ot jiiilirabie, .serum, has not been duiinitoly 
established. 

Acute Eheumatic Fever.—.\lthoiigh definite jirogress seems to Imvo boon 
made regarding the etiustitivc organism or organisms in this condition, it is 
not one at pre.scnt amenalile to eitlnT vaccine or serum treatment. 

Scarlet Fever.—A.s tlie relation of tin* strcjilocociMis to this disenstj is not 
clear, there i.s hardly any justilicatioii for the use of HtrejitrK'.rHviis vaccines. 
The same may bo said of aiitisfreptrs-oecns senna, although good results 

have been claimed for tho hitter hy some. 

Tetanus._As is well known, infecti..ii with the hacterium tetani may occur 

after gunshot wounds or any l.ieenitiiig or ]ien(;tniting wound which has been 
contaminated with garden, street, or barnyard soil. As the results of tho 
preventiv'O uso of tetanus antitoxin are so much more satisfactory than its 
use as a curative agent, it is tho duty of every physician to administer a 
prophylactic dose in all siu-h cases. 

Tetanus antitoxin is prepared in the siimo way as diphtheria antitoxin. 
Tho dose for prophylactic purposes is from 1,.500 to 3,0f)0 units given sub- 
cutaiicouslv as soon as po.ssihle after the injury. D<*pendingon the richness of 
the nerve supply at the site of injury the period of iiieuhation varies from 2 to 
1-1 davs, the usual period lK*ing H) ilays. Oneo symptoms of tetanus have devel¬ 
oped,"the disen-sc must he treated vigorously hy iiitravenoii.s and iniraspinous 
injections, as advised by Park aiid'Nicoll. The antiUixin has also Ixjen injected 
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intracorebrally into the lateral ventricles through a small needle introduced 
through a trephine opening. 

While theoretically only the free toxin will bo neutralized by the antitoxin, 
there is some evidence that even that which has entered into combination with 


the nerve cells may be alTeetcd. This has been explained on the theory of 
“mass” action causing dissociation. 'J'here is clinical justification for its use 
after active symptoms have develop<Ml in the fact that the mortality in untreated 
cases is from HO to !)0 per cent., while in treated cases it is about 20 per cent, 
lower. Recent results from early intraspinous treatment promise to reduce 
this percentage much lower. 

In this condition, as in diphtheria, Park claims that 2+ hours after a single 
large dose there is a large amount of free antitoxin in the cireulating blood. 
Wliile this obtains, subseciuent doses are uuuecessary. 

■ The possibility of tetanus developing in any given condition must bo 
judged from the nature of the injury. The bacteriological diagnosis after 
symptoms have dcvclopcal may bo impossible. 

Park and Nicoll make the following recommendations: 


‘Tn every ease stron^rly snspoctc'd of beinp tetnnns, from throe to five thousand 
units of tetanus antitoxin should he niv(>n at the first possible moment intraspinally, 
slowly, by gravity, and always, if jMissiblo, under an anostlu'tio. In order to insiire it» 
thorough dissoniination throuKhout the', spinal inoninKos thn antitoxin sho.uld be 
diluted, if necessary, to a volume of from Jl to 10 c. e. or more, acenrdinp to the pa¬ 
tient’s affc. When fluid is drawn o(T previously to the ffiviuK of the antitoxin, an 
amount of the latter somewhat l(‘ss than that of the finid withdrawn should he given. 
A numher of eases of ‘dry tap’ have been observed in the disc’ase by those so expert 
in spinal p^unctiiro ns to Ieav<' no room for d(»nbt that th(> canal was properly entered. 
In such eases oidy a small amount of tetanus antitoxin should ho injeetod (from 3 
to 6 c. c.). 

“It must ho remembered that in the human type of the disease tliere is frequently 
a focus constantly iH)uriiig out nioro and more toxin, for which reason it is probably 
ndvisahlo to repeat the intrasiiinal injection’ in twenty-four hours. While unques¬ 
tionably the blood will soon become antittixie through th(“ intraspinal use of antitoxin, 
in order to insure tlie qiiiek<‘st jiossihlo neutralization of all toxins iri the tissue fluids, 
it would seran advisable to giv<', at the same tinm as the first intraspinal dose, a dose 
of 10,000 to 1.5.000 units intravenously. A similar dose given suheutaiieuusly three 
or four days later will in.suro a highly antitoxic, condition during the next five days. 
Wo do not believe there is any advantage in giving larger amounts of antitoxin than 
those indicatoil.” 


Typhoid Fever.—Antityphoid vaccination as n preventive measure is es- 
tnblislied on a firm basis. It was first used extensively in India with but 
indilTcreut success. The results in South Africa during tlie Boer War were 
more satisfactory. In the Piiited States army the published results have been 
most striking and have fully established tho value of the procedure. 

The vaccines used are from cultures on slant agar, 24 hours’ growth, the 
organisms being killed at 00° C. This is one of the few conditions in which 
tho use of stock vaccines is perinissihlo. In ftdnlts the first immunizing doSe is 
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500,000,000, given Subeutuneeusly. For tl.e site of the inj.vtion the npixtr 
arm or loose tissue of the ahchuiKMi, haek, or siiU-hivieuhir ri'nioii iiiav 1 m> ehosw'tt. 
This first dose is usually followc'd hy 2 otlier do.'es of 1.0()i),()(>(h0i)0 eaeh, 
given at iuter\a]a of ,> to < days. Ih'jieiidiiig oii tiu' U(‘ii;ht, aue, and eoiuiiticui 
of the patient, it may he lU’eessai'y ti> v.iry tlie.-c' doses soiuewliat. li\ eliildmi 
Ifusscll advises that tlie dost' should luair tlu' priiportiou to the ai't'rage adult 
dose tliat the ehild’s weisiht hears to the av.Maee a.liiil's wtd-ht ( l.'u) Ihs.). 

The reaction to the vaeeiite varies. Sometiuit's there is none. I’suallv, 
however, there are lu'adaelu' and malaise; oeeasioiiallv tt'iiiperatiire of lOlT’, 
chills, vomiting and diarrhea. 1 he local reaction may he niarki'd, and the 
glands in the neigliliorhood may he (“nlar”(‘d and tender, d'ht* reactituis usiiallv 
come on in G or 8 hours and may last 2 or davs. 

The duration of the immunity conferred is uncertain, but it is believed to vary 
between 1 and 3 years. 

In the vaceino treatment of typhoid fever much smaller do.si's are used 
than those advised alK)ve. Ki'action must he avoideik Some ohx’rvers ri'port 
satisfactory results, but llu'rt' is no so\iud scicutilic hasis for the use' of vaei'ini! 
during the course of tin* disease, l^lst-t^ phoul luvoKcments of gall-hladder, 
hones, joints, cte., are, ho\ve\er. appropriately Irc'ateii with vaccines in eon- 
.junction with suitahle surgical procedures. 


TUBERCULIN THERAPY 

Varieties of Tuberculin. I'mler the leim tulx-rculiu is included a great 
number of preparations dilTcring from each other in their physical condition 
or manner of manufacture hut all derived liom cultures of the tuhercle 
bacillus. Some of these are made from the media in which the organlHiiiH 
have been grown, while others are made Irom the organisms theiuselvv's. JSo 
tuberculin is derived from serum. 

Hamman and Wolnian have conveniently divided the various tuhereuliriH 
into groups. 

GROUP 1.— (iroup 1 eompri.ses the* tuhereulins which contain the bodies 
of the tubercle bacilli, dead or alive, subjes-ted to only jdiysical elianges. 'Ihis 
group contains 11. F. llehring s \'accines, rebeau, am] 'l uhereulo-Sero-Vaccine. 

B. E. is the hacilicn-ctiiulsiuu of Koch (liiGl). For its preparation tho 
organisms are grown at body tem|>erature for G or 8 weeks in flat-bottorncd 
flasks in a thin layer of sliglitly alkaline bouillon medinni pins .'I per cent, of 
glycerin. The bacilli are filtered olT, dried, and piilvcrizetl by grinding. When 
examination lias proven that all the tuganisms have Is'cn de,stroyed, 1 part of 
the powder is diluted with !0G parts of di.stilled water and UtO parts of glycerin. 
Thus, 1 c. c. contains G.OO.^j gni. of lulK:rcle bacilli uneliangcd, as they have 
not been washed or submitted to lieat. 

GROUP 2.—Group 2 comprises those tuberculins which arc made by ex- 
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tracting the tubercle bacilli without any attempt whatever at the isolation of 
the ultimate principles. In this ^oup are T. R., Beraneck’s tuberculin, 
von Ruck’s tuberculin, the aliphatic tuberculins derived from fatty substances, 
Krehl and Mathes’ tuberculin, Vasilescu’s oxytubcrculin, Sciallero’s, Mare- 
chal’s, Jacob’s, Benario’s, Contani’s, Turmann’s, and Rosenbach’s tuberculins, 
tuberculoplasmin, frozen bacilli, prospcrol, tuberculin liquid, and Ishigami’s 
tuberculin. 

T. R., tuherculin residue or new tuberculin (Koch, 1897), is derived froA 
young virulent cultures 4 to 6 weeks old grown as for B. E. The bacilli are 
filtered off and dried in a vacuum, and 1 gin. of the dried bacilli is ground in a 
mortar until there are no intact bacilli. One hundred c. c. of distilled water 
are now added, and the mixture is centrifugated. The clear fluid is decanted 
and is known as T. O. {tuherculin ohcres). The sediment is again dried, 
powdered, and again taken up with a small quantity of water. It is again 
centrifugated and the fluid preserved. This process is repeated until the sedi¬ 
ment consists only of large particles. The fluids, with the exception of the first, 
are united and 20 per cent, of glycerin is added for preservation—the volume 
not to exceed 100 c. c. Each cubic centimeter should contain 0.002 gm. of 
solids, representing 0.01 gni. of dried tubercle bacilli. 

Boraneck’s tuberculin consists of equal parts of the filtrate of a culture of 
tubercle bacilli and a 1 per cent, orthophosphoric extract of the residue. 

Von Ruck’s tuberculin is prepared from a culture concentrated in vacuo 
to 1/10 volume. After several precipitations and filtrations, the preparation 
represents a 1 per cent, aqueous solution. 

GROUP 3.—(rroup 3 comprises preparations derived from culture fluids. 
In it are O. T., B. F., Jochmann’s tuberculin, iron-tuberculin, tuberculin 
pumm or endotin, Jessou’s, and Leber and Steinhartcr’s. Some of these 
belong, also, in Group 2. 

O. T. is the original tuherculin, alt tuberculin or old tuherculin (Koch, 
1891). It was Koch’s first tuberculin and was prepared by concentrating 
6 or 8-weeks-old cultures to one-tenth of their original volume by a current of 
steam. The concentration of glycerin having been 5 per cent, in the original 
culture medium, is 50 per cent, after evaporation. The bacteria arc removed 
by filtration through a Chamborland filter. The result is the familiar brown 
fluid ready for use. 

B. F., or houillon filtrate, was first prepared by Denys in 1005. The 
culture is grown as for O. T. Without having been heated or concentrated in 
any way, the mixtiire of bacteria and culture medium is passed through a 
baoteria-proof porcelain filter. This filtrate is used without further prepara¬ 
tion. 

Jochmann’s tuberculins are made from organisms grown on a protein- 
free medium. They are no more efficient than O. T., but are claimed to bo 
lesa toxic. 

GUOUP 4 . —Group 4 includes modifications which aim at the isolation of .a 
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pure principle, as tuberculol, tuliercuWidiu, Haeiitjcn's filtrnsc, and tubercOlo* 
nastin. 

Tuberculol was made by Laiulmatin in the liojw of oonscrviuj; all the ini* 
portant factors. Ilic fraji^iieiited bacilli are extracted with jjlycorin-uonnnl salt 
solution at increasing temperat>ires from JO" to UK)"’ (\ These extracts are 
combined and concentrated. 'I be original culture medium is concentrated, 
combined with the concentrated extracts, and sterilimi by passing through 
porcelain. 

OEOUP 6.—Group 5 consists of tuberculins in which emphasis has been 
placed upon the type of bacillus to be employi'd: as Spcnglcr’s tulK'rculins 
from bovine and human strains; tlu; tuberculins made from avian or other 
acid-fast bacilli; Calmette's C'l and autog«‘nous tuberculins. 

The tuberculins most used arc tbos(> of Koch O. 'I'., T. R., and B. E.— 
Denys’ B. F., and Heraucck s l\dicrculiu. (’linically tbero seems to l )0 no 
reason for a preference. 'I'liese various tuberculins art! used as vaccines in 
attempts to develop immunity. None of tlaan have* biHMi shown to have any 
direct bactericidal etfects. The devclojuncut of the immunity must bo judged 
by clinical symptoms. 

Experimental Observations.- 'I'lic original obsc'rvations on which Ifoch 
founded his tuberculin thciapy were as follows: h'dllowing iiUK-ulation of a 
healthy guinea l)ig with turbcrcle bacilli tlu>re is no reaction until 10 to 14 
days later, when a small nodule appears at the site of iiKKUilatiou. This 
nodule breaks down and ulcerate.s, and the ulcer persists until the death of 
the animal. If, however, the pig imwiilafcd is tubcrcnlous (has Ikkui suc¬ 
cessfully Infected with tidjcrcle bacilli I to )i weeks j»revionsly) a uoi'.rotic area 
develops at the site of inoculation 1 or 2 days after tlui injcjetion. This urea 
sloughs off, leaving a shallow ulceration which heals raj)idly without involve¬ 
ment of the neighboring glands. 

He also showed that killed tubercle bai-illi eould be injected under the 
skin of a healthy pig in considerable ipiantitv with the j)roduction of local 
suppuration as the only result. '1 nbcn'ulous pigs, on the contrary, wore 
killed in tj to 48 hours by similar injections. By using smaller dowm, how¬ 
ever, he was able lujt only to avoid death but to obtain improvement in tho 
tuberculous animals. He regarded tin* killed organisms as unsuitable for 
use in human beings and devised bis extract known as f). 1., arguing 

that tho virtue lay not in the organisms themselves but in their 
products. 

The Beaction. —In using tuberculin therapeutically it is generally agreed 
that strong reactions arc to be avoided, lest, Iniing uncontrollable, they may bo 
80 severe as to do banii. Tlio agreement is not universal, however, and it is 
possible to divide tho users of tulicrculin into 2 schools, one of which seeks 
to avoid all reactions and another which gives tuberculin more freely, paying 
but slight heed to slight reactions. Trudeau and Sahli represent the former 
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group and Petruschsky rcprosenta the latter. Suhli claims that patients treated 
cautiously attain a tolerance as soon as or sooner than those who have shown 
reactions^ Pctruschsky elaiina that time is wasted by this method and enough 
local reaction for healing is not excited, llamnian and Wohnan favor the 
slower method, hut do not confine themselves ahsolntcly to it. They are 
inclined to group the patients into classes of slow, intolerant or sensitive and 
rapid, tolerant or insensitive. Attention is centered on the patient and not on 
the dose, careful watch hoing kept for local, focal, and general signs of a 
reaction.' These signs include pain, tenderness, or swelling at the site of in¬ 
jection, cough, expectoration, dyspnea, hemoptysis, etc;., as focal syiiiptoms 
in pulmonary cast's, and ftiver, rapi<l pulse, loss of weight, lioadache, etc., as 
indicating constitutional distnrhance. Fever, loss t>f weight, and symptoms of 
general dei)resHion are regarded as most imi)ortant guides for dosage. The 
dose following one giving rise to a vague feeling of not being well has so often 
been followed by a reaction, that stress is laid on the general feelings of the 
patient. “The smallest fraction of a degree rise in temperature above the 
usual nuiximnin is looked at askance,” and close watch is kept for additional 
slfpis. Slight changes in temperature alone may sometimes be disregarded^ 
but any asjiociated signs call for a repetition only or even a diminution of 
the doso unless a definite, intcrenrrent, indc'pendent' non-tuberculous cause 
can bo discovered. 

Denys refuses to consider any teinjMjraturo which does not appear within 
48 hours as duo to tuberculin. Ilaniman and Wohnan have been so impressed 
by the oecurrenee of a local reaction pree<*ding the dose which liberates the 
general reaction that thcij are inclined to discredit an elevation of temperaturo 
coming suddenly in the midst <d' an otherwi.se smooth course, i. e. without a 
preceding local reaction. 'I’liis local reaction must be watched for-with care 
as it occurs alone more often than any other sign. It may consist of tender¬ 
ness and redne.ss only, or there may be infiltration and gland involvement. 
The doso should not bo increased if there is any local reaction. Indeed, even 
the repetition of the dose which called forth the local reaction may cause 
nn undesired systemic reaction. The safer proceeding is to give a smaller 
doso. Strict watch must bo kc'pt for other .symptoms, as fever, increase of 
pulse-rate, loss of weight, dyspnea, headache, chilliness, loss of appetite, sleep¬ 
lessness, gastnvinte.stiual disturbance, etc. 

Dosage. —To avoid reactions, the initial doso should bo .small and the tol¬ 
erance .of the patient rather than any arbitrary scheme must determine the 
size of aub.seqneut doses. Tii determining the initial do.se, iramman and Wol- 
man divide the patients into 3 classes: (a) children, (b) patients with slight 
pyrexia or not in good general condition, (c) patients with no fever and in 
good general condition. 

A and H receive the smaller Initial doses and V the larger in the following 
table. Only very rarely is tlu?ro a reaction to the initial dose if this scheme 
is followed. 
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TvBcacvuN 

iKITlAt. IVmK 

1 

Ma\iuai. IVmm 


0. T. 

(I.OOntKK)! 

to U.lKXXXll c. c. 

1 c. c. 


T. II. 

0.00(K)01 

“ 0 (XXIl 

2 “ 


B. E. 

O.tKKKKIl 

‘‘ O.tXXIl 

2 “ 


B. F. 

0.(NM)0(XM)1 

" 0 (KKHHH)l “ 

1 " 


Bcnuieck’s. 

j of A/32 

0.0.') 

of 11 1 “ 


Preparation of Tuberculins for Use. 'I'ulM-nMilins nir pri'piirc'tl fnr tlicrn- 
pentic and din^nontic ns<‘ Ity diltiliiin with (l.s pi*r .sodinm clilorid Holntion 
tp wliicli lia.s boi'ii added d.-J.'i per cent, earlxilie arid, riii' soliitinn shniild ho 
made witli pure sodium elilorid and <iistil!«d water to avoid the iloe<mlent 
precipitate wliieli may otherwise form. Ki;;lil "r.ims of Nat'I and ‘J.r» e. c. of 
earlxdie acid are mi.xeil witli l.KMt i-. e. nf di-lilled water. I’lii.s may ho 
distributed in It) small tla.-ks. lid e. e. to eaeli. and sterilized by hoilinjj; for 
ir> minntOH on 2 snece.'isive da\s. 'I he extra Id c. e. allow for eva))oration. For 
lioIdiiiiT the dilnte<l Inhereiilin 7 small hoitle> or viaU sindi as are u.seil for vac- 
cines are stc'riliz.ed amt mimhcred from 2 to ^. In each is plaeed It e. e, of salt 
solution. 'I'o -Vo. 2, 1 e. e. ot tuherenlin i'' added;.to \o. •’!, 1 e. i'. Ironi N(). 2; 
to .Vo. 4 , 1 !•. c. from d*and .mi on tlironuh the- s bottles. The result, will he: 


No. 2—9 

3 

4 
6 
fl 

7 

8 


e. e. salt snlntion 


it << U 

« 4( it 

it it it 

U it it 

ft it it 

H it it 


e. e. tilliereillili 10 e. 


“ No. 2 “ 

« ;{ 

« .} 

“ .') “ 

“ « “ 

(( ** tt 

« 


Ilf wliieli 

(( II 

U 4( 

(I li 

(( it 

it ft 

it ti 


e. c. 0.1 

“ 0,01 

“ O.fHll 

“ O.OtH)! 

“ 0.00(X)1 

“ 0.(K)f'001 

“ O.OiMMtOOl 


For the sake of eeonomy dilutions may he started with 3, usinff !).9 e. c. 
salt solution and 0.1 e. e. tuhereulin. 'I he rc-sult will he the same as 3 in 
the table, and the sueceediiiL' dilutions may he nnnh- as before. 

Method of Treatment.- 'rreatmeiit. is hei’iin with tlm initial dose piven 
above. At first the interval hetwe«-n injeetion.s is 3 to 1 rlays. 'i’liis period 
gives ample time for the development of reaetions. 'I'he interval is increased 
to 1 week when the dose reaches a e<>rtain size: for f). 1'. at about 0.1 c. e.; for 
T. R. and 1». K. at about d.2 e. e., ami for 15. F. at about O.d.'i c. e. If a re¬ 
action dws occur in spite of all ]»recantions. tnhereulin must he stopped until 
it has completely di.sajtpeared. If reactions ••ontimie to apjK’ar with diminished 
do.sapc, tnhereulin treatment may have t(» lx* interrupted for several months. 
If no s>nnptoms of reaction de\elop. the do.se is increased regularly. This 
increase may he conveniently made with tin* dilutions <les<*ril)ed in the table 
on this page. I’eginning with dilution .8 the patient will receive f).l c. c. 
or 0.00000001 gin. (]/10d,0d0 mg.) for the first dose, 0.2 e. c. for the 
second dose, 0..3 c. c. for the third do.s<i, and so on until the tenth dose has 
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been reached. Tyiis dose being equivalent to the first dose of dilution 7 the 
latter is given instead. 

It must bo borne in mind tlmt oaeli dilution is 10 times ns stronj? ns the one imme¬ 
diately below it. Thus 0.1 e. e. of 7 is «Hjniil to 1 e. e. of H nnd 0.2 c. e. of 7 is equal 
to 2 c. c. of b; therefore, tin; second do.s<! of dilution 7 represent.s an increase 10 times 
as great as lias been the rule whcni using dilution 8. 

When pa.ssing from one dilution to the next, it is wise in most cases to 
repeat the first dose of the lunv dilution and on the iie.xt dose to give but 
the stronger dose. If, however, tluf patient lia.s Iteen found to be po.s.sesscd of 
considerable tolerance, it nia_v liave been j)o.ssible to increase the dosage by more 
than 0.1 c. c. each time. If the patient has tolerated an increase of 0.3 or 
O..') C. c. in the weaker dilution, one may go on with the stronger dilution 
without repeating the first do.so. 

The limit of dosage is aibitrary, the usual maximum for O. T. or B. F. 
being 1 c. c. and that for B. E. or R. 2 c. c. 'riiere i.s no definite reason 
why this dose should not he exceed(‘d if indications se('m to warrant it. It 
has been claimed, howoven-, by some ob.servcrs that a higher limit in harmful, 
and it must be admitted that the above figures exi)re.ss tlu! av('rage maximum 
dose. Tho'prwednre varies when the maximum dose luis been reached. Some 
oontinuG with the, maximum dose at intervals of S to 1 1 day.s, as long as it 
seems benefieiul. Others interrupt tlu* treatment for jx'iiiuls of 4 to 8 weeks 
or oven more. Again tlu; patiemt is the most satisfac*tory guide, the chief 
tendency b<'iug to continue the maximum do.se as long as lu* seems to bo bene¬ 
fited by it. In some individuals tlic ma.ximum dose may be nmch lower than 
the figures quoted. 

When the patient is being benefited by tuberc’iilm severe reaetions are absent, the 
fever is favorably influeneed. eongh uiul .sijnluin diminish, jiains are les.^ened or dis¬ 
appear and digestion inqiroves. 

Cutaneous reactions have been used in attempts to determine what is 
the maximum optimum dose with no ndiablc results. 

SITE OF INJECTION. —I'lie subeutaiieous tissue of the back below the angle 
of the scupnlu is advised as the site of injeetion. Fewer local reactions occur 
in this situation than in the arm. The .subcutaneous method is recommended. 
When the injection is given iiitraiuuscularly' or intravenously, the impossi¬ 
bility of observing the local effect is a handicap.* The oral route is unsatis¬ 
factory. 

Results of Tuberculin Treatment.—The results obtained in adenitis, laryngi¬ 
tis, eyo affections, bone and joint involvement—operative and nonoperative— 
and many other conditions luive been encouraging and at times striking. Tho 
usual hygienic therapy m\ist he combined with the tnberenlin, and all .surgical 
indications must be promptly met. It must aKvays be borne in mind that 
tuberculin is only an aid, altbo\igb often n valuable one. 
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Diagnostic Use of Tuberculin.—-1' or siiboiitiuu'cnis use for purjxw's of diag¬ 
nosis, dilutions .} and 1 ot llio taldt* on pugo 21'.* an* used. Tlu' gt'iiorallv ac¬ 
cepted routine is to gho (i.nOdj c. c. (^1/.% mg.) ;,.s ih,. liist do.sc. If no re¬ 
action lias occurred within hoiir.s (t.OtU c. c. 1 mg.) is given. If after 
another 48 hours no rcsicliou lias dcM'hipial, o.oii.t c. c. \^~i mg.) ari* givi'ii, 
1’allure to react to the last dose iH'a.-onahlv cxidiidcs tiihcrculosis, hut if phvsical 
signs or local sviiijitoiiis render the prcMuicc of a tiihcrculoiis lesion very 
probable, a do.se of 0.n| c. c. ^ lo nig. i mav lie giicn afti'r another IS hours, 
lailiire to react to this dose gi\e^ “added a-siiraiiee" that the lesions are not 
tuberculous. It is desirable that the series ol in)eetious he given as outlined 
above in order to avoid the h\iiiM'sen-'iliveno' to tiihereiilin, which reaches il.s 

niaxiniuni in 10 to 11 da\'s. In average ehildnm trom 8 to 11 \ears of ain*. 

» . * " 

0.0001 c. c. may he given a' (he lirst do.-.e, and O.oiU <•. c. ii..( (li(> Iji.si dose, with 

2 intervening graded doses, b’or jmorlv noiiri.'-hed eliildreii half these ainoiints 

or less may be siiflicient. 

1 he principal phenommia ot the reaction are pos-iihly .sonic inllaniiuatory 
reaction at site' (d injection, a sharp rise in tempi rature of var\ing degrt'c, 
and a fall alriK'st eipially ahiaipt, general nialai.se, chilliiie.s.s, etc. 

Of the other diagnostic tests for (uher<Milosis, \on l’iripie('.s reaction is 
produced by placing a drop of O. '1'. on the skin of the foreariu or iiriii and 
scarifying through it, as in vaccinating aeaiiist .small po,\. One or (wo siinihir 
scratches without tuberculin are made in the neighhoiliood to act as controls. 
When the reaction i.s jiositive. an area of h\|iereniia or inliltration of varying 
extent develops at the site of inoculation w iihiii 2 I to IS lioiins. 

The test is cliictly ii'cful in the ilnigiiosix c.f (uhcrciilosiH in children under 4 .years 
of iiKc. 1 n to (he age of ,S a iiosi(i\i’ naclmn Ici - s,,iii,. \idiie. hot in older children 
and in adults the possihilit.v that an ol<l he.ihd icsinn a res|)onHihle for the reaelion 
renders it vinreliahie. 

The ^loro te.st i.s perfoi'iiied h\ nilihiiig into the skin below the ehivielo on 
one side about 0.1 gm. of an ointment eniisi.-ting of etpial jiarl.s of <). and 
lanolin. I’laiii lanolin is rnhlied into tlie oppo.-ite side as a control. In a jiosi- 
tivc rcaetioii an area of redness, with .some papular elevations, develo[is within 
24 to 48 hours. The test is less .satisfactory than voii I’irijiiet’s. 

Cnhucttc's eoiijuiietival reaction is idieited by dropping into the eye 2 
drops of a solution made by preei|iilatiiig InhcTciilin with alcohol and dis- 
.solving the precipitate in water. Usually when positive it fives rise to a 
mild conjunctivitis, but at times the reaction or secondary infection has been so 
severe that the test has lost favor. 

FIXATION OF COMPLEMENT 

For the coniplcniciit-fixation test the following stihstanccs are necessary. 

Antigen: In testing for syphilis, antigen is prepared from either a syphi- 
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litic liver or from a normal heart or liver. In testing for bactcrial tliseases an 
extract of the bacteria against which the serum is to be tested is used. 

Suspected fluid;’ Sci*um from blood drawn from vein or obtained in other 
way, spinal fluid, etc. Hlood serum should be inactivated by exposing it to a 
temperature of for .'JO minutes. 

Heriini C’ontainlnff 

BypUlltlo AntlKcn HyiihlUtIc AiitiLx>dy Coinplomeot Complumunt ComblDcsl 

o m <a = 

FlO. 10.—DlAdllAM T(J If.I.UHTJUTK TIIK IilNI>IN<l OK CoMl'I.KMKNT \VllICI[ TaKKS 1’lACK ON MlXINO 
CoMKi.KMBNT WITH HoMot.ixiouM Antkikn ani> Antihody. (For fxuiiiplf!, sypliililic untigen aud 
ByphilUir. scrum.) No free coiiiptcnicnt pru.siTil. 




Complement: Tlsunlly frc.sh guinea ])ig .serum. 

Red blood-cells: lliimnn or sheep cells, whsIkmI and diluted. 

Hemolytic s<‘rum; (’oiitainiiig amboceptor against the red blood-cells em¬ 
ployed. Usually rabbit serum. 

In addition to the suspcfcted serum there mu.st b(!, where possible, as in 
syphilis, sera from positives ami negative* ca.ses to be us(m1 as controls. 

Hyphllltlc Aitiltfrit Normal fckTUJii <*otnp (’ompU*mfnt Not f omblncKl 

O O = <0 ZIK D 

FlO. 11.-DtAOIlAM TO Il.LirM'l'KATK. THK I.ACK OK CoMPLKMKNT UlNDINO WHK.N (:i^Ml>I.i:MENT IH 

Mixed with IIktkiioi.ooouh Antkikn and Antihody. (For c.\amplc, syphilitic aiiliKcn and 
nurimil ncruiii.} Free eumplcmeiit. present. 

The fixation or deviation of i-omplement ( Hordet.-tiengou phenomenon) is 
doiiendent on tho ability of a mixture of antigen, antibody (amboceptor) and 
complement so to combine tluit when red blood-ct'lls and serum capable of 
cuusing. hemolysis of those cells, bc'cause of it.s homolytic amboceptor, are 
added, the cells will not bo dissolved. This is becau.se there is no free com¬ 
plement to combine with the hemolytic ambocejitor and so activate it. Tho 

IIcmolytlG Horum 


= No llcinolyols 

Fio. 12.—Diauiiam to Illusthatk Lack or Hemolysis when Keu c:kll.s and Hemolytic Se^um 
ARE Added to Mixture Illustilated in Fiuuke. No free complement = no hemolysis; i. e., a 
positive reaction. 

complement has been fixed or deviated by tho original mixture. This devia¬ 
tion of complonient in the original mixture occurs only when the antigen and 
amboceptor are homologous. This may ho illustrated by the Wassermann 
reaction. If a mixture of syphilitic antigen, scrum containing syphilitic anti¬ 
body (amboceptor), and complement are incubated at 37° for 1 hour, the 
result will bo ns represented in Figure 10. If tho serum employed contains no 


Byph Ant Amli. ('onip. 


+ III 
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syphilitic antibody (is not hoinolo«ous), the result will 1 k'"iis shown graphically 
in Figure 11. If now to the luixturo dopu-ted in Eignro Id honiolYlic urn- 
boceptor and susceptible red blood cells are add.-d. the result may i>o illus¬ 
trated by Figure IJ. C oiuplenieut is iiee<‘s.>.iirv tor the completion of heiiiolvsis 
but, there being no free complement, the hemol\tic amluK-eptor (‘auuot act, 
thcio is no hemohais, hence a jiosilivi* W assermauu reaeliiui. If rc.d cells ami 
hemolytic serum are aildcd to the mixture depicted in l'’igur»' II, eoutaiuiug 


SyphlUtIo 

Ant 


Normal Sor.im Comp. 


Il*il < flit Si*ruiu 


a HI D + siz C l 


('<»nip 


Ilcniolyllc 
Ut'tl I > 1*11 rum 


T 






llfiiiiolyiik 

- --- '— * I--, J 

FlO. 13, DiAtJUAM TO Ir.Ll'HTH\TK Ot'OI'IlUKNi iiK Ih \|ii|.\s|<4 V\||V'S Um» IIMmU) IEeMO' 

LYTIO HkkUM auk AnilKH T*) MlXTl UK UKlMiKsKM Kh n\ I'lOl UK. roill]>li>int>|iI |H*rillitN lu'in- 

oly8La=a iiogiitive n'aclion. 


normal serum, not lioinolo“*(His, tlu^v will liiul i!*c(' niul luMiiolvsirt 

will occur as slunvii in Eigur(! l.‘{. 

Ill all complement deviation tests, all reagents iiiusl. luulergo a jireliminarv 
titration shortly before using t<' deiermiiK' llivii’ strength, ami the test must 
be carefully contrcdled. Actual laboratory experience is ueec'ssarv for the 
proper jierformam'e ot the* test and lor the iulei'prclalinn of results. Wide 
application is hoing made' of this reaction, it being usi'd to determiiu! tliii 
presence or absoiieo of iintib<*di«'s against various organisms in obscure con¬ 
ditions. 


SERUM SICKNESS 

Occasionally following or even during the course' of the iujeclioii f)f 
serum, symptoms more or less alarming may <le\<’lnp. ’I bese inelmli! ebills, 
fever, sweating, cyanosis, collapse, jistbmatie atlaeks ami skin rasbi-s. While 
the above s\iuptom.s may a]ipe:u- shortly after tin- injection, s(;rnm sickness 
usually develops S to \'l days later. 

The chief .sym])toms whi<-h ebaraeteri/e the late appearing reactions are 
fever and urticarial eruptions, .sometim<s aecompaniid by joint p.tins, nircdy 
by an actual arthritis. 

While the above alarming plmnimc-na may (M'<-nr on the ocfasion of the first 
injection of serum they are more jirom- to devc-lop when following a first, injof!- 
tiou an interval of 12 to !<• day.s is allowi-d to elapse before u snhsc'cjnent injec¬ 
tion. This condition of sensiti/alion has h<*en termed amiphyhixi.s. 

The generally accepted theory of .serum sii-km'.ss is that a foreign proteid, 
when first introduced parenterally, is broken down very slowly. Followdug the 
first injection of the foreign proteid, there develop a large number of free 
antibodies capable of rapidly breaking down the jiroteid molecule. On tim sec¬ 
ond injection, these antitMxlirs iininediateiy attack the foreign proteid and break 
it up so rapidly that toxic substances are liberated in poisonous doses. In the 
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tmsenfiitized individual the process is glower and the toxic substances are pres¬ 
ent only in small quantities. To avoid as far as possible the dangers of sensiti¬ 
zation, injections sliould be made at f!-day intervals and special care must be 
exercised where it is lU'cessary to immunize persons .siibjoet to asthmatic attacks, 

as they are prone to have a degree of 
sensitization. To .such patients, if 
time warrant.s, the intradermic injec¬ 
tion of 0.01 c. c. of .sernm has been 
advis<'d. If they an* .sensitized, a lo¬ 
cal iiilhimmatory zone; should develop 
within ‘J-f lionr.s. 

Tn using .sera intravenously par¬ 
ticular care must ho excrci.sod to note 
the devf'hquiK'ut of any .symptoTiis 
suggesting an anaphylactic reaction. 



SERXTM THERAPY 

kSinec* the development of potent 
sera against the to.vins of diphtheria 
and tetanu.s, nunn'roiis attempts have 
been made to ])rodu(‘e sera active 
against other organisms. No defi¬ 
nitely ai‘tiv(* sera, ho\vev(>r, luivc been 
])roduc('d against many of the com¬ 
mon pathogenic organi.sms, as, for c.x- 
aTnj)le, the pueumocoeei and strepto- 
c<icH*i. 'J'hese organisms belong to the 
class producing no extracellular toxin 
ami sera active against them must 
have propc'rtie.s other than antitoxic. 
It is true that sera with detiTiite pro¬ 
tective pro])erti('S have been pro¬ 
duced by immunizing with these organisms, but their curative value is not 
great, or they may have none, particularly wIk'ti directed against cases of 
septicemia. Where, however, the serum may bo brougbt in dire(!t contact 
with the organisms, ns in meningitis, more definite re.sults liave been seen. The 
activity of these sera seems to bo due to bacteriolytic, bacteriotropic and anti- 
endotoxic antibodies. A rather serious objection to their use is the absence of 
any accurate method for their standardization. The method applicable to 
the standardization of antitoxins cannot bo applied to the antibacterial sera. 
To some extent they are standardized by the estimation of their opsonio 
power. 


Fio. 14. —Vrinb from 'Wnu'H Uloop May pb Mpst 

AuVANTAnKOUBLV DkAWN AND INTO WhIiTI 
VAOLTNKa AND Skka May 1)K Introddckd. 
Whoro thcHii vciiin iiri- not iiciTsssitilc na whni 
oovon3d by thick liiycr of ful, the vciiia in the 
back of the hand tnuy Ijc entered, using a very 
fino needle. 
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The dose varies from 10 to 10l> c. c. 

Sera are iisiialh' administered siilH‘Utanei>iisIy into the Io«iso tissue of tho 
abdominal wall or of the baek i)et\vivn the seapulie. 

At times intravenous ailministratimi may he advisahle. The tivhnie of 
this priK’eedinj; is the same as that for lilootl'cnltiirc's. 'I'lie usual site is tho 
median eejilmlie or basilie vi'in (. I'ii;. I I )• A toiirniiiiiet havijii; been n}tj>lied 
to the upper arm, the skin is sterili/id ami the needle pinniped into tln^ vein 
parallel to its eoiirsi'. Tin* touniicpni is removed as soon as tin* hlood enterinj; 
the syrin<i(‘ shows that tlu' \ein Inis heen entered, and the .serum is injiH'ted 
slowly. Si'vere eases of nndouhti'd .•.trejitoeis-ens septicemia should have tho 
possible iK'iietit of I or 2 doses of a j»ol\valent antistrejitocoeens serum. Tho 
.second dosi' nniv he nivi'ii in from -I to S hours. It no henetieial elh'ct, has his'ii 
apjiarent in 2 I hours, the .serum is jirohahly not potent airainst the inteetion. If 
further s(*rum treatment is atteinjited. a ditfen-nt product should he used. 
When used iulras])inally for streptiwoecie nuaiiiiiiitis. the technic is the same 
as for meniui^itis due to ilu* meiiinpieiK-cus. which see. 

TRANSFUSION OF BLOOD 

Direct transfusion of hlood has been used in the hope of couferritif' pas¬ 
sive immunity. 

In chronic infections ixood results have hi'cn ri'ported fidlowitif; tho ro- 
jieated transfusion of small amounts of hlood at ■'! to 7 day intervals.* lu 
this condition, as in pernicious anemia, more henelit seems to he derived from 
rcjicated small doses than from sinjrle lame doses. Indeccl, the latter may do 
harm if \ery larue. The amounts Iraiisfuscil vary from 2t)() tg KtO e. e,. at a 
time. A possible field of usefulness is tin; transfusion of hloitd of a normal 
person who has heen vaccinated airainst tin* or;rauism infeeliny tho rec.ipient. 
Such a priH’eeilinjr eoiild h<* rationally useil in cases id chronic endiK'arditiH 
with .septicemia due to tho Strcjihicdmin viritlaus, in which condition vaccines 
80 far have failed. 

In all conditions involviiifr transfusion, liemolNsis and afr;?lutination teats 
should Ikj made ou the hlood of donor and reei|iient. In eases of extrerno 
urj^cncy, as in hemorrhajrie. disease of the new horn, when; an immediate, nila- 
tive is available as donor, this may Is* omitted, hut the efTeet of the transfusion 
must bo watched with extreme care. 

DEFENSIVE FERMENTS (ABDERHALDEN) 

The ability of the colls of the body to develop defenses af^ainst foreign 
(“disharmonious”) substances has lx!en made the subjeirt of special investiga¬ 
tion by Abdcrhalden and his co-w'orkers. According to Abderhalden’s views 
these defenses are of the nature of ferments. 

16 
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“According to our observationfl there is not the slightest doubt that the animal 
organism is not loft without means of defense against dishannonious substances. If 
such products piakc their way into the l)o<ly, the latter sends out defensive ferments 
that are directed against Hpe<;ial kinds of substrates. Not oidy do they effect the 
destruction of the specific character of the parenterully introduced substance by means 
of an extensive decomposition, hut they render possible the utilization of the products 
of the decomposition in the general metabolism. The reaction we have demonstrated 
enables us at any time to decide whether a certain substance is iti harmony with the 
body cells or not. We must distinguish not only substances that are in, or out of, 
harmony with the body, but also those which arc in, or out of, harmony with the blood 
or its plasma, or again with the cells. The intestiue, with its ferments and those of 
its accessory glands, decomposes all disharmonious substanci's until an indifferent 
mixture of only the simplest units is left; the cells of the gut walls and of the liver 
carefully tost the nbsf)rbcd i)rodncts for all substances that are out of harmony with 
the bqdy and blood. Moreover, all the cells of the Isxly take care that nothing shall 
pass from them into the circulation which has not attained a ec'rtain grade of de¬ 
composition. For further i)rotection, tlui lymph with all its coniplicatol arrangements 
is int(*rpoHed between tin; cells of the body and the cireidation. Here everything iij 
tested afresh and nothing is let loose into the cireidation that has not been rendered 
harmonious with the blood and its plasma. . . . Tlu' lymph is to be considered as 

a sort of buffer bctwinm the cells of the body and those of the blood; as a neutral zone 
in which everything is assimilat(>d as far as possible.” 

“If these views are corrc'ct, it should be possible to trnc(> such substances ns arc in 
harmony with the body, but not, with the blood and its plasma, by demonstrating defi¬ 
nite ferments. It is unite eouceivable that, in certain diseases, the' cells only partially 
effect the decomposition of the nutritive material and the constituents of the body, 
and that to a certain extent, materials that are harmonious only with the eeris are 
handed on to the lymph. 1'he lymph wouhl do its best to correct this failure by means 
of its leukocytes and lymphatic glands and would attempt to decompose some of the 
disharmonious substances b»'foro the.y ren<dicd the blood. In many ease's, however, 
disharmonious material will g»‘t into the blood and produce' all kinds eef disturbances. 
Wo know of at least two eoiielitiems in whie-h elisharmonieeeis substance's nudeeubtcdly 
circulate in the bleieKl, namely, Ilence-Jones’s albuminuria and pre'guaiu'y.” 

The fact that chorionic villi had been demonstrated in the circulation 
suggested the possibility that there might be present in the ciVenlation during 
pregnancy substances that were in harmony with the specncs hut not with the 
plasma. The presence of such disharmonipns substances ahonld result in 
the setting free of special ferments. Experiments sliowcd that such ferments 
were constantly present and that they boro no relation to the occasional pres¬ 
ence of chorionic villi in the circulation. Abdorhalden’s view is: 

“The organism of the mother has at its disposal, up to the appearance of preg-. 
nancy, a certain amount of cells of a certain kind which all harmonize in their metabo¬ 
lism with each other. With eoiieeption, appears an entirely new kind of tissue with 
particular duties. Although the imprognatod ovum and the developing placenta, with 
its various cells, are in harmony with the species, the jiictaholism of these cells appears 
as something quite ik'w and strange to the complex of cells coiniwsing the organism of 
the mother. The blood probably receives substances—perhapw also secretions—which 
are out of harmony with the plasma, and remain so; and the time is too short for the 
blood to accustom itself entirely to these new kinds of substances.” 
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The placenta and fetus, nccordinj; to this point of view, never settle down 
completely within the orjnini.sni of the inolher. Durin}; the whole jH'riod of 
pre^nunev delensive fernients. whieh are able to reduce plairnfa aihumin, 
circulate in the hlootl. These fernienls may he d(‘iuonstrated within S days 
after inipre^niation. With the expulsion of the placenta the feruienta dis¬ 
appear fairly tpiiekly, 11 to 21 da\s. 

Abderhalden is inclined to attrihntt* tlu* power of prodiieini; these fer¬ 
ments to all the cellular elenuuits of the blood, lenkcK'ytes, erythnK’ytea, and 
blood platelets. 

So eonvineed is he from his own experii'iiee of the sjx'eitieity <»f the test 
in j»repniney that he lays down the followiin; rule to pivern workt'rs: 

‘‘Xo one slioulil (leal with |>afIxiliit'ical cases hy means of (In* ilialysatitm nielhcxl 
or the iijitical niethixi wliu has not triveii eviilein-e iif liavintr heeii able to urodiii'e 100 
percent, of eorreel iluiKMio-es from pretiiiioit and |i;irlieiilarly nnn-preananl, individuals, 
iKsiiit? plaeenta as hi- snl>strate. Slioidd the leehnie of Ilii> student hi> found wantintc 
in this hriineh he has not mastered the metliod.’’ 

Experimental Observations. 'I he lirst experiments in support of the theory 
that the offtiinism reinded tijiaitisl foreitiii suhstanees hy the fitrmation of 
specilie ferments were imnle with do^s and rahhits. White of or liorse 
scrum was introdneed either hnb<Mtliineonsly, intrii-alidoniinally, or intra¬ 
venously. Abderhaltlen rcirarded the ftdiowim: ex])eiiment tis jtrovin^ with 
e.xeeptioinil elcitniess that the phisma of tin animal specially treattal aeUnilly 
redtiees jtroteins. 'I'he plasma of |trep;irc<l tininnils wtis mixed with white f)f 
e;rg ami the niixliirts jthiced in a diahsation tiibt*. \’erv shortly the prestsnexj 
of peptones eonld he denioiistralt'tl in the outer llnid by means of the biuret 
reaction. When tlie jtliiMim of tioniiiil jiniinals wtis phieed in tlii! dialysntion 
tube, no substaiiees jriviiifr tlie biuret reaction eonld be iletnonstratiMl in the 
outer tube, even tifter sevenil days. Wben tlie serum of speeially treated 
aiiinnils i.s mixed with albumen the nitrogenous eonteiit of tin: outi:r fluid is 
considerably greater tliaii wlieii tlie serum of iioriiiitl animals and albumcu 
arc mixed. The latter eoiittiiiis only nitrogen ilifftised from the jilasnm. 

Methods. — In their studies Abderbablen and bis eo-workttrs iised 2 meth¬ 
ods, one a dialy.sation and the otlier an <i|itieal method. 

The teeliuie is so eomplieated and ;i strict adlierenen to the teelniic so csseiT- 
tinl to success that only aii outline will be ^'iven here. For details the original 
works shun Id 1 k' consulted. 

The dialysation method depends on the fact that Hlbnrnen, Inting a colloid, 
will not diffuse tbrongh animal membranes, while jicptoncs, the first product of 
the decomposition of albumen, are diffusible. 

If albumen is placed in a dnilysing tnla; and the tube placed in water, no 
albumen will appear in the stirroiinding fluid. If peptone and livdrwbloric 
acid arc added to the albumen in the tiilw, it will be digested or broken down 
and the products of its dige.stion will appear in the surrounding fluid. These 



*228 


ADMINISTRATION OF VACdlNES AND SERA 


products consist of peptones and other simpler compounds. Similarly, if a 
fluid is to be tested for proteolytic (ulbumeh dccomposinj') ferments, it is 
placed in a tube with albumen and the surrounding fluid investigated for 
products of decomposition. 

The fluid to bo tested in this ease is blood serum. It is obtained during 
fasting by puncture of a vein in the usual manner, and the blood is allowed 
to clot; the serum is separated and is then ccnnplctely freed from form ele¬ 
ments by (amtrifugation. It must also bo trc'c from henif)glol)iu, as its pres¬ 
ence shows the destruction of red cells and possible liberation of substances 
reacting with ninhydrin. 

The material to be t(;sted is eitluir an albuminous body or a mixture of 
these bodies, i. e. an organ. It is calltal a substrate. On its prc 2 )aratinn de¬ 
pends the success of the j)roc(“ss. It must be absolutely tree from blood and 
must bo submitted to a number of boilings to free it from substances that 
react with ninhydrin. 

A freshly prepared 1 per cent, solution of iiiidiydrin is used. 

Ihe dialysing tulxis must have undergone a ])reliminary te.sting for their 
impermeability to albumen and uniform permeability to the decomposites of 
albumen. 

In the optical method peptones are used in8tea<l of albumen. 'I'lie sub.stratcs 
are prepared as before but nicpiire less boiling, as sid)stanees which react with 
ninhydrin do not inlluenee rotation. J’e 2 )toues an; formed by hvdrolysis with 
IljbO^, which is later removed by barium hydro.xid. 

Iho peptones are mixed with the siu'uui (absolutely free from hemoglobin 
and cells) and any ferment aetion is observed in a polariscope. 

The test has been employed in various conditions with considerable diagnos¬ 
tic success. Abderhalden urges the neee.ssity of exhaustive investigations of 
diseased conditions to support the experimentally establi.shed facts. Among 
those on whi(di work has already been done are eauc-er, Graves’ disease, demen¬ 
tia pra>co.x, and general paralysis. References to the imiwrtunt litcratnre are 
given ill tho last edition of Abderhalden’s work on the subject. 
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ASriKATION AND ASI‘I II ATI N(i I»KV1(’KS 1 \ (M’KHATIVK SUUOKHY 

.Iamks 11. Kkxyon' 

Tlio sur-ri*"!! ujtplit’atioii <if snclioii. tlioiinh of vcrv niUMriit oriniii, lias Ih'CII 
vastly inijirovoii and wiilcdy « xtriid<‘.l duriiii; tin* last few years. History of 
.savaiio tril)(“s relati's tlie treatnu-iit of wounds from l>iti“S of ]>oisononH snakes or 
insects by siielion prodnct'd l>v the ilireel. a|iplieation of (lii> niontli, or through 
the inedinin of a hollow hainluio reed. Cups, we) and dry, and the various ftirnis 
of asjiiratin;^ svriiiijes, are familiar to all. 

In duly, Karl ('onnell (Ti) pnldislnal tin* desi-rijition of an aH])ira)infjf 

hotth* whieli he had heen nsiiifi for some tinu* at tlie New \’ork llosjdtal. A 
iinall ainonnt (d' al<'oliol is jdaeed in a stroii}; <:allon hottle, sliaken, i/rnitc'd, and 
after a f<'w mojinmts tin; .stopp('r is (piiekly in.s<‘r)e<l. A tdampt’d rnhher tnlnj 
i.s fastened to a ulass tidi<( whieh projects thron^^li tin* stopper. 'I'o tln> other 
end of the rnliher tnlu* is attached the a.spiratini; neeiile. Of eonrse, the amount 
of .snetion is limited to the capacity of the Isittlc*. 

The chief advance in the snrjiii-al a[ipli<-ation of siu-tion has ls>en due to the 
einplovment of an elliciont, eeonomi<'al. and steady method of obtaining eon- 
tinuons suction, for hours or days if ms'cs.sarv, at the opc'rntive field or at the 
patient’s bedside. Kurtlnw, to the d«‘veIopment f>f safe and suitable tips or 
nozzles which r|uiekly remove the llaid material, he it thick or thin, from the 
wound or sinus, without (doiri^intr the tid»e, siiekin;; tin; tiss\H!H or jirodiieinjf an 
injurious cupj)infi elTwt. 


METHODS OF FRODUCINQ SUCTION 

Pumps. —The rerpiired suction may Itc jirodueed in various ways, as by the 
use of mechanical pump.s—piston nr rotary, operated by power, preferably a 
small electric motor; a falliiifr column of water, or some form of the jet pump 
operating on water, .steam, or air, with a pressure of 20 pounds or over, may be 
employed. 

MECHANICAL PUMPS. —Afechanical pumps of the to-and-fro or piston type 
were first made in 16.')4 and are very efficient. T>io more modem form consists 

220 
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of several pumps placed close to^^ther with a common shaft for their pistons, 
thus giving a steady suction. Another mechanical type is the circ^ilar or rotary 
pump, made on the turhinc principle, a wheel with numerous blades or forms, 
rapidly turning in a tight casing. All of these are driven by power, preferably 

an electric motor, cither with a direct shaft 
connection or through the inediuni of a belt, 
chain, or gear. Practically all of the numerous 
vacuum cleaners on the market employ, effi- 
cicTitly, ono or the other of these types. 

PUMPS OPERATED BY FLUIDS OR VAPOR. 
—Working on the principle of the barometer, 
'I'oricelli, Geissler, Sprengcl, and Ihinsen de- 
vis<‘d pumps composed oi tubes through which 
fluid, water, or mercury was allowed to fall. 
Each particle of falling fluid acted as a piston, 
forcing tho air out ahead of it, and producing a 
negative pre.ssurc behind. 

Jet pumps arc so constructed that water, 
air, or steam, with a pressure of 20 pounds or 
over, rushes at high velocity through a narrow tube across an open space and 
into another tube, slightly larger than the inlet. These two openings and tho 
space between them are so inchiscd that tho resulting negative pressure may be 
utilized. 

FILTER PUMP.—Tho filter pump (Fig. 1), so-called from its employment in 
the chemical laboratory to hasten the filtering of chemicals, is made in different 
styles and sizes, of which the medium size. 

Chapman, is the best. This has two fittings, 
ono, threaded, that may bo screwed on to 
tho hydrant or faucet similar to tho attach¬ 
ment of a gfjrden hose, tho otlu'r, a rubber- 
lined ring that will slip on a faucet. These 
are* made and sold by the largo chemical 
supply houses. 

E.TEOTOR.—Another jet pump, known 
as an ejector (Fig. 2), is of similar con¬ 
struction to the injector which is employed 
to force water into a boiler. Of these the 
best typo is tho Hayden Derby or II. D. 

Model C., No. 1 or No. 2. These operate 
very well with water or steam having a 
pressure of 20 pounds or over. 

For use in the operating-room the full 
strength of the suction is desirable, but this may be controlled by regulating tho 
amount or pressure of water or steam flowing through the apparatus. Or it 




Fio. 2 . —A, Steam Ejector; B, Stbam 
Ejector in Section; a, i^et; b, out¬ 
let, o, suction. 
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may bo controlled by buviug un ojx’ning in the tuln) very near the. nozzle. Air 
rushes into this opening ami prt'veiits any snetion at the tip until the ojH'nitor 
closes it with his linger. '1 liis is l»etter than a valve, hnt neither is nwessary. 

Tho II. 1). Ejt'ctor M odj“l No. 1 has Inm nseil eontinnously at tlie Now 
York IIos])ital since litOi! ami has been t'onml to K* most ellieient. It may l>o 
permanently eonm“Cte(l with the high pressiire steam pipe in the t)|H'rating- 
rooni, one valve on the inlet being all that is m't-es.sarv. The out let, or exhaust, 
may bo carried to some convenient line or chimney or tmt of the window, tho 
es.sential |)oint In'ing to have no back jtressnn'. Tlu' ej«'<*tor may b<* conmi'ted 
with the water itipe, witli tlu; outlet rnmuiig into the sink. For simplicity, 



Fio. 3.—Meth<id of (Nj.nsectincj the I'JE<t<ih wnii the Watkii 1’o-k anh the iSiktidn Hkttlb and 

Tl HE WITH THE Ul'EKATIVE t’lEI.U. , 

with no moving jiarts to get out of order, for licavy <‘onlinm)nH arTvict* (ivory day, 
and for cilieieney, the preference is to be given to the ejector and tho filter 
pump. 

Methods of Obtaining Suction in Private Houses. For operations in hos¬ 
pitals or private houses not etpiipped with the suction ontlit one of the filter 
pumps can be readily and (piickly attached to some near-hy faucet over wash 
basin or bath tub, from which a generous length of stiff tubing—10 to (10 feet 
or even morcj—will bring the suction to the place desired. 

A small electric motor and pump, or an improvised fitting on a vacuum 
cleaner, may be employed. 

If the water pressure i.s tiw low and the r(X)m happens to Ik? one or morn 
stories up, the filter pump is connected to the faucet in the usual manner, but 
on the outlet a rnbl)er tnln; 30 feet long is fastened, the other end of this tnh(' 
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hanging out of the window or down the staircase to the sink on the floor*beIow. 
This falling column of water, 30 feet or more, produces tlie required suction. 

Connections Between Suction Pump and the Wound. —The suction pipe is 
connected with a gallon bottle (Fig. 3) under or near the operating-table by a 
stiff non-collapsiblo rubber tube or, what is better, a tube composed of rubber 
and fabric known to the trade as pressure hose. From a connecting tube in the 
stopper of this bottle a tube .5 or (5 feet in length is led to the operative field. 
This tube may bo smaller than the other but should be fairly stiff and not easily 
collapsed. This short tube, with the appropriate nozzle, is boiled with the in- 
strumorits whenever its use is anticipated. The large bottle is emptied and 
thoronghly cleansed between operations, but not ncces.sarily sterilized, as noth¬ 
ing passes from it toward the wound. The tid)e from the suction pipe to the 
bottle is never cf)ntnniimited unless the bottle upsets, or becomes too full, and 
its contents are Hncke<l over. 

For the special use of the anesthetist to remove .secretions from the pharynx 
another smaller tube is h^d from the bottle to his (mkI of the table. There is 
generally enough excess negative pressure in the bottle to permit these 2 tubes 
to bo used at the same time, hnt if for any reason there is not, one or the other 
must be temporarily clamped off. 

Care and Cleaning of Apparatus. —During the operation the nozzle should 
bo occasionally immersed in a basin of cold .sterile water to remove from its 
interior blood and pus that might otherwi.se dry, clot, and occlude its lumen. 
At the conclusion of the operation the tid)e is cleaned by permitting it to suck 
up soap suds followed by hot waten- and bichlorid, after which the tube is soaked 
in bichlorid, boiled, or sterilized in the steam sterilizer. 

When and Where the Method Was Introduced. —This method was first intro- 
dncwl by the author during the service of the late. Dr. Frank Hartley at the Now York 
Hospital in April, 190(i. Aliout tho same time CiTOrge Liuirciis (!.')) published the 
description of a mastoid oiierution, during which siiction was obtained by a filter 
pump, employed to keei) the operative fiol<l clear of blood and pus. The first cases on 
which it wa.s used were ojicratioiis for the naiioval of the (lasseriaii ganglion for 
trifacial neuralgia, the chief object being to give.a clear operative fudd by removing 
the excess of blood and eerehrospinal Ihiid, tln-rehy gn'atly diininishing the amount 
of sponging necessary and facilitating and shortening tho operation. Tho conditions 
arising in this operation, namely, a deej) opening with a bony wall on one side and 
the firm dura, partially covered by a broad brain retractor on the other, were such 
that tlie simplest typo of nozzle was tho best. 

Tips or Nozzles. —Specially conatructed tips or nozzles have been devised 
to meet the requirements of tho various operative conditions, dependent upon 
the region and tho le.sion. 

TIPS MADE OP A SINGLE TUBE. —Figure 4 .shows one of this kind, merely 
a small metal tidjc about 3 to 5 mm, (V^{ to 1/5 inch) in diameter; 15 to 20 
cm. (0 to 8 inches) long; made of soft malleable copper or aluminum, which 
may readily be bent to suit the depth of the wound. This is held by the as- 
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sistaiibBO that the tip is near tin* hottoin «>f the wound, eitlier in llie anterior or 
posterior corner, so as not to ohstrnet the operati\'e lield. From time to time, as 
occlusion requires, the tip is lightly and <piiekly hrushisl over the part olusourcd 
by bliHHl or cerebrospinal Iluid. 

U he principle ol this simple, single, soft metal tnhe, o]»cn on the end, can lie 
applied wherevi'r the s<dt parts can In* prutis’tcd fi'itm tin* enppini; action. 

TIPS OH NOZ/.LKS I'OMPO.sKi) OP A l>oniLP TPHK. For general use, ami 
jiarticiilarly in the abdomen, I* ijrnri* .• slaiws the appropriate form of a donblo 
tnhe desifrned by K. 11. Fool 


(11). 'J’his consists of an 

inner suction tnhe opt'ii on j O ^ / // 

the end or providi'd with u* g* | 

side opcnin!_'.s very near the U 

end, the other end of which r~ i • I ^ 

has a coar.'O screw thri'ad I 5 

S' * I ** 

conical in sliajie for tin? rnh- ; ; 'vv 

her tnhini'. 'I'hc outer pro- I I W 

tcetiiif; tnhe is slightly larger , r \\ 

than the inner and is ]>ro- I ; \\ 

vided with many perfora- l' \\ 

tions in its lower half and 'ol i ' \' 

several laru'er openimrs near y 'I 1* | 

its outer (>nd. 'I’his screws ' ? V 'l 4* 

into a collar fastened f<i tin* ‘“j ^ Vy 7 

smaller tnhe. 'I'liis sicveliki* ' ° // 

» 0 I J j 

outer tnh(! forms a well into // 

which the tlnid .settles to hi* J "i jj // 

Slicked out hv the inner tnhe. ' j J/ 

The holes near the outer end, J ^ !] 

so pl.accd tliat the operator's J ® 

hand cannot oeelnde them. J ® jl 

permit an inrn.sh of air 

which pa.s.se.s down in the * • "..s r. m..s. nv i.-I) o.,1.1p luls* for lilnJoin- 

^ inal u«»rK with < xira irriKaUiiK No. 2. -Ufitililti tulw 

space hetween the '2 tubes to tor rilHii.imij-il work. .No. Doiililf IuIh- for iilKloritiital 

♦ l.« , 1 r *1 * 1 w<Mk. Nci I Siniill kuikU- IuIm- of w#fl riii'nil. No, ^ — 

the end of the inner one. ami 
thus prevents the formation 

of a vaennin or any enjijiiiiij action on the surrounding tissiujs. This tube may 
be inserted anywhere in the abdomen rcirardless of the omentum or intestines and 
without daiifrcr of dama'rin.'r them. Fiirure 1 , .\o. 1 , shows the earlier form of 
this tube which was provided with an irrifratimr tnl)o so that irrigation and 
a.spiration could lie employetl simnltaiii*ouslv. When irriffation is desired it is 
probably better to introduce the ordinary irlas.s irrijratin^r tip, either by tho side 
of the suction tulxj or at some more distant point, in which ca.so tho irrigating 
fluid has a more extended action. 


I'ni. 4 Si < iiiiv l i iii.i*. Nt). 1. — I)oi]|,|p (ulip for lilHjoin- 
liial work with i xira irriKaliiiu lijlx*. ,\o. 2. -l4oill)l(> lulto 
for alHioiiiiij'il work. .No. .'f Doiililp lulri- for iilKloritiital 
wiiik. No f Small hinirli- IiiIh- of wifl iiiplat. No, ^ — 
Doiilili- IiiIm- for jiioullt aitd {tliaryitx. 
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FlO. 6.—DounLE Su<m(jN Tuukh. ^iuilo iih thi>act in Kinuro 4 tiiknii iiimrt to sliow construction. 

Eiguro 4, No. 8, allows itiiprovi.sed double lubes of glass. The outer tube is 
a perforated glass drainage tube and tlie inner a small glass tube open only on 
the end. 

Eiguro C, No. 1, shows a simple method of constructing a double tube suit- 



Fxo. 6.' —Douiu.e Tubes pon Continuous Suition in Postopebativf. Treatment. Nos. 1 and 2._ 

Double rublxjr tul>cs. Nos. 3 and 4.—Double metal tubes: a, tho inner tube which by turning 
half way round may be removed from the outer tube; b, thin, flexible metal strip which may be 
bent to Qt tho curve of tho body. 
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ftble for reiuovin" pus, bbwd, or other fluid from tlio abdomen or nuv oavity 
witli surroundin'; soft parts. The outer tidn' of riihln'r, about 15 mm. (3/5 
inch) in diameter, ami 15 em. to ‘JO em. ((• to S iueliesl Ion;;, is fenestrntiHl 
on every side witli numerous small ojHMiiups. .\nolh('r rnhher IuIh' about 8 
mm. (Va inch) in diameter and J3 to i*5 cm. (it to 10 inche's) loiur. with 
only the eml openinir, is fitted with a smi^ rnhlM'r euff which has a 
projectin'; side. 'I'lu' small tnU' is inserted in the larger and tin* eiitf fast- 
eneil to the laruer by a safety pin. I!y tirmlv holdiii*; tin* eiilT tlu' inner 
tube may be slipped tlinniiili it inward or outward so that its oj)en end is 
alK)ut 1.5 to J cm. (.‘v.'j to 1/5 ineli) distant from the end id' the <iut«>r 
tul) 0 . 

TIP FOU .VOPTH AM) PMAHYNX. Fii;nres 1 and 5, Ni>s. 5 and tl, show 
a tip designed by Dr. (ieorii«> M. (“reevey for use in the mouth ami ]»harynx to 
rinuove nineiis, saliva, ami blood durini; ane...i!ie,'ia or operatitSiis around the 
na.sopharyn.x. It consists of a small, short tube, open on tbe end. near the other 
end of whieh is a threailed collar, and lawond this a llanee for attaeliiiij; a rnh- 
her tul)('. A slightly Iart;er metal '‘.ap with lu.iny perforations slips over this 
tip and screws on to the collar. 

TIP TO UK fSKI) AS A UKTHACTOH. \ny ..f the sin^de tidtes that are not 
too small, as from 1 to 3 cm. (5 to 1 1/5 iuelu's) in diaun'ter. may be used 
as a retractor on soft friable tissue to faeilitati' its remov.al. Tin' slr('nji;th of 
vaeimm is sutlieient to hold small mas.ses of tissue or foreii;ii bodies so that the 
cnpj)iuf; action of .these various tips may be utilised. Fedor Krause has de¬ 
vised euppiiii; tips cd' various si^s's and shapes to bo useil oidy as retraet/ors, 
applie<l directly to the soft friidde tumor iiuiss or to a eyst wall, lie htis used 
them in this manner in the removal of brain tumors. 'I'hey may tilso be uscil 
to remove such bodies as remd, vesical, and biliary calculi, and forei;;n bodies 
from uo.se or ear. 

USES AND ADVANTAGES OF CONTINUOUS SUCTION 

The a<lvantn‘;es of eoulinuous suction diirinj; an operation niiiy 1)0 enu¬ 
merated a.s follows: 

(1) Infectious material is removed 'piickly with little or no soiling; of the 
surroundin'; ti.ssnes, thereby les.;enini; the flanker r)f .spreading; the infection. 

(2) boss trauma, less spomriuL'. (henrfore less heinorrhaf;c. 

(.3) Shortens the time of operation. 

(4) It cives a clear, clean operative field by removint; s.aliva, mucus, 
blood, pus, bile, urine, cystic fluid, or irrifratinp fluid. 

(5) It furnishes a retractor on soft friable tis.sue in which a volscllum or 
tumor forceps wouhl tear out, or on a deep inaccessible structure where a 
clamp or forceps would darken and obscure the operative field. 

(6) It furnishes a ready menus of removinf; foreign bodies from any of 
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tho tracts communicating with the exterior of the body or from deep wounds or 
ciCvities. 

(7) It iiids tho anoHtli('tist in removing ninens, saliva, blood, pus, etc., 
from tho nasopharynx, thus doing atvay with the irritative throat sponging 
which oftentimes increases the mat(!rial one is trying to remove. This rapid 
removal of such material lessens tho danger of inhalation pneumonia. 

(8) It decreases the amount of gauze rccpiired for sjaniging and the num¬ 
ber of pads and towels that have to be hinud(;red, and at tin; end of a year will 
bo found to have been an economical feature in hospital management. 

(D) It lessens tho soiling ot the oj)erating-tablc and the operating-room. 

(10) Its application to the sterilizer removes the steam and prevents its 
escape into tho room. 


APPLICATION TO VARIOUS PARTS OF THE BODY 

Head. —During operations on the scalp there is no jiarticnlar need for suc¬ 
tion, but in intracranial pnK'cdnres it is most ns{!hil. For exploring tho brain, 
cither before or after opening the dura, or for tapping the ventricle, the blunt- 
pointed hollow needle of 1 or 2 mm. (1/2.') to 2/2.') inch) in diainotor, with two 
side openings near the end, is inserted to the desired depth. Its outer end is 
connected to tho auction bottle with a small rnbbc'r tula;, which is cut across 
about 4 to S cm. (1 15/5 to li l/o inches) Iroin tho in'cdle and a short glass con¬ 
necting tube inserted to render visible the material aspirated. To control tho 
amount of suction acenrntedy ibis tubing should have a hole in it, which re¬ 
mains open and sidetracks the suction until the operator closes it with his 
thumb or finger. If it is desired to .save the material aspirated a small steri¬ 
lized suction bottle of 1 to 2-ounce capacity may bo connected with the tube 
near tho needle. Tho advantage of this mcthoil is that any degree of suction 
may bo maintained steadily or intermittently both during tho in.sertion and 
removal of the needle, without the irregular jerk or slip that so often accom¬ 
panies tho pulling out of rlic piston of an aspirating .syringe. As an adjunct to 
sponging, to produce a clean operative field, the ])lain tip of soft malleable 
metal 3 to 5 mm. in diameter (.‘)/2') to .'')/25 inch), bent to the suitable curve, 
may be used. 

This is particularly valuable when a cortical or subcortical lesion is being 
exposed by tho aid of the brain retractors, or where the brain is being retracted 
and a clear field at the bottom of one of the cranial fo.ssu' is desired. 

Examples of these conditions arc cortical or anl)cortical tumors, cysts or 
abscesses, intracranial neurectomies, ns division of the second or third branch 
of the fifth nerve, or the sensory part of the seventh nerve. It is of very great 
aid in the removal of the Oa.«serian ganglion or the division of its sensory root, 
as it quickly and easily removes, without trauma to the surrounding structures, 
the cerebrospinal fluid and blood which obscure the operator’s view. 
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Spinal Cord.— Asjiiratiiiii: is i*.\fn‘uu*Iy vahmlili* ns an nitl to 8|>onjriiig in all 
operations on the .spinal eonl. I lu‘ soft nn'tal Inlii- wliich ean 1 h‘ In'iit is tkc 
appropriate tip. '1 his is phn*i‘«i in llir lower eoriu'r i>f tin* wojiml t<nvar(l which 
the cerehro.spinal llniJ irra\ itales. ’flic tij* i.>. hel.l parallel to the eord ami a 
slight iiistanee Ironi it, so that there is no ilanjiio' tif injnrinj; the eord. 

IJy (hi s means the lield Kept eiii|;.|;inf 1\ <'li‘ar with tlu‘ ininintnm amount . 
of manipulation and s|tonainij of the d(‘lieate eord ti»>nes. If a luimw or evst 
i.s found in the eord or in the ^urrl•llndiln^ >imeturex. its contents iiiav 1 h) 
emptied. '1 he evxt \\all or the tumor can thi-n drawn up with tin' cup¬ 
ping tip and its removal ha>tened. .Miieli h'xx xponainix is nei'e.ssarv, tin* time of 
operation is .xhortened, and the eax«‘ .-iiid.aeeiiraex' td the dissts-liou favored. 

Mastoid Region. A small iualleahle tin mm. (."> inch) in diameter is 
of servlet? in ma'loi<l operations and al'o in oja-ralimis on an_\ td’ tin; aeeessttry 
siniises. With an assixiant manipidaline tiie xnctinn ltd>e, the o|a*rator can 
work more steatlily with tewer interiidx.xioiix than art neet'ssitateil hv fretpunil 
.sponi;in^. It hax the same ail\antai;es in operations on thi' aeeessory sinuses 
as in any det'p ea\ it \. 

Mouth and Pharynx. I'he tlix.xcftion of the tonsil is facilitated hy this 
melhoil ot remo\ ini; hlooil and intnith secretitnis. .\ll thi' operatiiMis on the 
tmifrue, uaso|thar\n\. ami larvnx .are matle e.asier ami the ilan;iiT of iidialatioii 

pneuuioida les.xeiieil hy tin' ra|iiil leinoval of hi.I, mnens, ami saliva. I'ivtui if 

the intratracheal melhoil of anexihesia is (‘inpioMil the .aihliliou of the suetit^n 
renders a cleaner and clearer tiehl po.xxihle. I'lii' ehdt palate and hareli)) optirii- 
tions a small catheter makes a very iixeful tip. It may he used intermittently to 
cleiir out tin' pharvnx or it may Im> inseite<| in ont- nostril with tin' evo (»f the 
catheter just helow the uvula, am! the suction attacheil continuously or at in¬ 
tervals. In tin; tormer ca'C care shonhl he taken that tin* opening in tho 
eathetc’r does not heeome occlmlctl with lixxm- or hlood. 

I)urin^ esophaao-col'y ami hroncln'xcopy a loni;tnhe, either metal or ruhlKjr, 
smaller in diameter tlian thf* lironchoxcope, may he iiiscrtetl down it to renif)VO 
secretions. With a suitahle liji certain foreiim hotlies may la; en|)|ied, and 
rlrawn up tlirouiih tin* in'triiment or <lrawn against its end ami everything re¬ 
moved at once. Foreign hinlie.x in the n.ares, jtharyn.x, or in the external audi¬ 
tory canal may he thus eup|»ed and removed. 

Thorax. Operations on the heart or jM-rieardium, wliere speed, minimum 
tratima, and a clear operative tiehl are most imjiortant, may ho facilitated hy 
the employment of suction. Suction is also of eoiisidcTahle aid in o[>eruticiuH on 
the pleura or lumr, (dthi-r with the eahinet or the. intratracheal method, where 
the work i.s heing doin' iu a deep cavity which remler.s s|)ongiug rliffieult and 
slow, ft is c.speeially u.xefiil in .saeeulafed emjiyema, interlohnlar ahseess, or 
abscess in the lung. A suhdiaiihraemalie ali-’eess that ha.s heen approached by 
going tlirongli the plenral cavity may la; .aspirated ahsolutely dry—thus lessen¬ 
ing the danger of infecting the thorax. 

Abdomen,— Liver ab.sccss or ceehiinx*wen3 cysts are quickly emptied with 
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diminiBhod danger of spreading tlie process. The daughter cysts are sucked out 
iiftact, the cyst wall is drawn up into an api^ropriate cupping tip, and its sub¬ 
sequent removal iijade easier. 

Gall-bladder and Ducts.—The di.stcndcd gall-bladder may be quickly emptied 
without any soiling of the surrounding parts, and after it is widely opened for 
the removal of calculi it may be kept free from bile, thus favoring a thorough 
inspection of its interior for other calculi and for evidence of its condition 
which will decide the question of its being left or removed. Incision in the 
common dnet is made in a good visual licltl, free from blood and bile, and 
exploration of the dnets is more easily performc<l. Small calculi in the common 
duct or, perhaps, some distan(;c up in the hepatic du(;t, Tuay be cupped and 
pulled out. Cases of ruptured gall-bladder arc quickly relieved of the extrava- 
sated fluid. 

Stomach.—Extrava.satcd stomach contents from ruptured stomach or per¬ 
forated ulcer arc easily removed with loss shock and irritation thaii wofild 
follow sponging or washing. Suction forma a very valuable aid to inspection 
df the interior of the stomach through an incision in its anterior wall, as by this 
moans mucus and gastric contents may he removed, ])revcnting their escape 
and snbaeqiumt soiling of tlui peritoneum, ami also giving a clearer field. 

Intra-abdominal Conditions.— In intra-ahdominal hemorrhage from any 
cause, as a ruptured ectopicr ])regnaney, ruptured splt‘cn, liver, or vessels from 
ponctrriting wounds, etc;., a rapid mopj)ing out of the largxu* clots with aspira¬ 
tion of the fluid blood greatly Im.stens the search for and the control of the 
bleeding structure. 

Wtion the contents of any hollow vi.seus have escaiped into the abdomen their 
removal and tlu! seandi for the rent are greatly facilitateil. Inflammatory exu¬ 
dates in the peritoneal cavity are easily and quickly removed with less peritoneal 
trauma than accompanies sponging. Suction has been particularly valuable in 
removing the pus of an appendix abscess, and furnishes a clearer field for the sub¬ 
sequent removal of the appendix. It has a similar function in the operative treat¬ 
ment of pyosalpinx. 

In general peritonitis uiid tuberculous peritonitis the exudates are quickly 
removed and ascitic fluids quickly a.spirated without trauma. 

Cysts of every description are quickly emptied of all their contents, thus 
favoring their removal through a much smaller incision than would otherwise 
bo required. 

Genito-urinary Tract.—Operations on the bladder, particularly the removal 
of tumors by the transpcritoncal method, are performed in a clearer field with 
more exactness and less soiling of the abdominal eontents with urine. With the 
suction tip the nriiio and blood are removed as fast ns they appear. This 
facilitates the removal of the growth or the transplantation of the ureter, should 
these procedures be necessary. In prostatectomy the suction aids in removing 
urine, blood clots, and the fluid used in irrigating. The patient is kept far 
drier than by the older methods of treatment. Realizing the age of these pa- 
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ticnts and the risks of piuMiiiionia fn>m oxposiiro, damp fiannonts, and niin«K*C8- 
sary luanipulation, any pnH-t'diire whicli aims to minimize tliese risks assnmos 
the utmost importance*. In itperations on the kidiu'v aspiration is nst'fnl in 
removin*; eollt*<.‘ti(»ns of pus or urine anmml tin* kidney, as, for I'.xample, a 
perinej)ljritie ahscess, liydron(*plirosis. and pvoneplirosis. \ tnlM>reuloiis ki<l- 
ney, in whicli tlie parencliynia lias lu-en re|>lac(*<l hy cjis(>iins matt*rial and tlio 
capsule only is left, may he eoniph'tely emptied lliroimh an aspiralinjf iu*edle. 
Or, l)ett(*r still, a small incision in tlu> caiiside may hi* made* tliroimh which tlm 
snitahle sue*lion tip may he* jiasse*il. 'I'his |iro<e*dnre* so re*<lnce*s the* si/e* of the 
strnetnre which is heniitf ope*rate>el upon that a e*oinparali\e*ly small skin incision 
will sullie*e* for the* snhse'(|ne*nt ste*ps of the* operation, elraina'.*e*, or ne'phre'<*tomv. 

The Use* eif sue-tieni re*nde*rs ope*rations on c\'ts or ah-i-e'sM's in any part e»f 
the body mn<*h easie-r for the* eipe-rafor, e>f shorter duration, and the*re*fore* easier 
for the l>afie*nt. d liere* is also far le'xs .soiling of the* ope*ratini'lalde* and room. 

CONTINUOUS SUCTION AND ITS POSTOPERATIVE APPLICATION 

Fetr this purpose* the suction may he* ohfaiiie'd hy e*niployini' any of the 
m(*thods alreanly mentioned. aIthon*;li it is more* ei*oiioniie*al to n.se? water in- 
ste*ad of ste-ain. 

F<»r use; in the* wards the suction is olitaiiie'<l from the most conv(*nie>i»t, water 
sup[)ly, i'eii<*rally in the* adjoinimr wadi-r<Miiii. .\ small ipiarter inch iron pipe 
is laid from flic source* ed’ the snefion ahmii the ha«>e*hoard he-himl .'{ or I he*els, 
as re(piir(*d, with a sto|i cock ami hose* e*etime*ctie)n opposite* each ht'el. A fe^v fe(*t 

of stiff rnhlu'r fuhim: lead from this lai.sc ..lion te> the* suction heetth* under 

the he*<i. ’I'ln* fnliiinr from the hotlh* tee the* wonml may he* smalh-r in eliame-te-r 
hut fairly sfilT ami henir eneeimh te» pe*rmit tin* patie*nt lei turn witlienil ejisfnrhin^ 
its attaclnne-nt te» the* (i|i in the* wemiiel. For this re*ase)n It Is well to have* this 
extra leiifttli rcstimr in the he'd. This tnhimr slieenhl he* ste-rilized he*fore nsiti;' it. 

The heetfle* may he* e>f any c<en\eiiiemt .-i/.e. pint, epnirt, en- "alleiii, litteel with 
a ti^jlit rnhher eir ceirk stopper, through whie*h pass L' metal eir ^lass fiihe's, 5 te) 8 
mm. (l/.l to l/.‘! inch) in diame*te*r, with a ri^^ht an”le* he'iiel, sei that the rnhher 
tubes, dreeppin^ elown, will imt kink. 'I’hese* tnhes proje'ct a slmrt elistunce 
throufrli the .«te»pp(*r into the hoffle*. ii..') cm. (1 im-h) feir one*, ami I") cm. (2 
inches) for the; either. I'lie* sliorfe-r is e*oiini*eteil with the; sm-tion^ the hiiurer one 
with the tiihc from the wonnel. l>y this arran^(*ment the wonml se*erefions are 
prcvontcel from femlin^r the siu-tion pipe. The hottle .slionlil ho empty when 
first u.seel, so that a re'corel may Ik; kept frenn time to time of the amount eih 
tained 

The applioatiein of the suetion tnln; to the repion to fio drained must Ik; sneh 
that no vaennni will he feirrm'el in the wound ami lui e*nppinc ae*tiori exerte*d on 
the snrronndinp soft parts. This result is ohtaiiu'el Viy nsirip a demhle tulK;. 
The iiutcr one is fenestrated and of such a tliameter and length ns to fit the 
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sinus or wound to be drained; the inner one, with only an end opening or two 
small side openings very near the end, must bo smaller in diameter so as to 
permit free circulation of air between tlic tubes, and thus 2 )reveut a vacuum. 
The inner tube must not extend into the wound as far as the outer by 1 to 2 cm. 
(2/5 to 4/5 inch). (Fig. (i, Xos. 1 and 2.) 

These two tubes may he held in their proper relative position by transfixing 
both of them with a largo safety pin. Tliis pin, with a split gauze pad under it 
and a couple of long, narrow adhesive .straj)s over it, serves to anchor the tubes 
in the wound. The ohjeetion to this arrangement is that it may he undesirable 
to change the outer tube for some time, whereas the inner tube niay require 
frequent removal for ehainsing. This would necessitate the removal and rein¬ 
sertion of the safety pin with j)robable leakage at the i)uncturcs. A further 
objection is that the pin obstructs, more or less, the lumen of the suction tube 
and predisposes to its subsecinent blockage. I'o obviate these objections a better 
method is to slip on the inner tube a snugly fitting ndiber cuff about 1 cm. (2/5 
inch) wide with a prolongation on one side about 2 cm. (4/5 inch) long. This 
tongue extends down on the outer side of the larger tube and is fastened to it by 
the safety pin. This double tube arrangement is sterilized before being in¬ 
serted in the wound. 

Utilizing the same principle, 1 have devised double metal tubes (Fig. 0, 
Nob. 3 and 4) of various lengths and diamefi'rs which are more easy of applica¬ 
tion and more readily removed for cleansing. 

The varied conditions for which this method of continuous suction is de¬ 
sirable readily suggest them.selves. For exam])le, any deep wound with dillicult 
uphill drainage, where the jjatient is constantly snfi'ering from wound absorp¬ 
tion ; all cases where the discharge is irritating to the surrounding skin, as fecal 
fistula?, pancreatic wounds, et(*.; cases in which the discharge is very profuse 
and the patient is made uncomfortable by being continually wet or is annoyed 
by frequent dressings. 

There are many cases in which the suction is most valuable during the 
dressing of the wound to remove thoroughly the infectious material from the 
depth of the wound. If irrigation is heiTig employed, the lluid may be .sucked 
up and carrictl into the bottle before it runs over and .soils the patient’s skin 
and bedding. 

APPIJOATIONS TO THE VARIOUS REGIONS OF THE BODY 

Head, —Infections of the scalp can generally be drained sufficiently by mak¬ 
ing good generous incisions in the most dependent part, but in a similar condi¬ 
tion on the face where the resulting .scar would be objectionable, a small incision, 
if supplied with the double suction tubes, suction being applied continuously 
or intermittently, will be sufficient. 

In infection in the neeessory sinuses of the nose, frontal, sphenoidal, and 
maxillary antrnin, otitis media with discharge, suppurating wound following 
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mastoid operation the secretions may !«' removed willumt mueh dis<*onifort to 
the patient by ernployinjf a sinj.de riiblHT or metal tiilw* of suitable si/e and 
lenjifth to which the suction is a]>]>lici| iutc'nuiltcufly. Here apiiii tin* eouibiua- 
tion with syriuuiuf; and irrifjaliou is verv etlective. 

Abscess in the brain has Ih'cu treatcii with rather poor n^sults Ixvaiiso of the 
difficulty of securin': jjood drainaue. TIu- proj>cr application of the suction will 
l>c of "rent value hy keepin;: the drainai:** tract open and at the same time eoni- 
pletely reniovin;.' the hroken down matjuial from the depth of the ahseesa with¬ 
out trauma to the hrain. 

Month and Pharynx. .\I1 operative piis-cdiircs around the month, jtharynx, 
and larvn.v, as lenioval ot tumors <d tin* tonyne. t-hcck. tonsil, or lar\'nx, and in- 
eisioms for (jiiin.-'y or rctro|iharvnj;cal ahsi-c'S are attended with considerablo 
risk of inhalation pinnimonia. The em|ilos ment of sin-tion during tin* operation 
and, more or less continiioiisly. dnriiu: fh«‘ convalescence has jjreatlv h'sscned 
thi.s ilaiifrer. It has a<ldcd niindi to the patient’s comfort hy rcdieviiiff him of 
the jiaintnl and freipient swallowing; <“fl’orts which follow these operations. Tho 
injurious Jiioutli and wonml seen-tions ari‘. therefon-, not swallowed iind do not 
accumulate in the stomach with the snhM'<|Ucnt had elTects from ahsorjition. 

'I'lu' short double tip shown in Fijjnre 1, No. is very sc-rviceahle for this 
pnrj>ose. It may he lelf in the mouth the ureatcr part of thc! time, or removcid 
and inserted as rc(|uired. It is particularly useful in removing tho Iluid UHod 
a.s a mouth wa'h or ;:ari:le, savini: the patient the elfort of expectorating it. 

Thorax. Suction obtained in the above mentioned manner is most vnlimblo 
for aspirating Iluid from the ideiiral cavity or from the jtericardium. Its advan¬ 
tage over the more commonly u.sed im'tlxxls is that, the Huction is steadv, may ho 
continued f(»ran\ length of time, and i.s easily eontrrdled without tin* jerky char¬ 
acter peiMiliar to the small aspirating sxringe. TIk! drainage of l.ho pleural 
ca\'ity is markedly favored hy a moderate degree of negative pressure. ^I’iki 
inueh siietion is had and may eaus<* bleeding and cu])i)ing of the tissues. 

Ily tho n.se of a <louhle tube one can comjdetely remove tin; jnis without ouy>- 
ping the fi.'ssiies and convert a very di.sigrceahle fonl-smelling dressing into a 
simple clean one, a.s most of the discharge is collected in the hi>ttle instead of in 
the gauze over tho wound. 

This form of drainage, though excellent am! many times better than the 
ordinary short tubes opening into the dressing, has tho same objection as tho 
tubes, in that the lung is not relieved of the atmo.spheric pressure and, as a 
result, cannot expand as it should. 

Dr. George E. Brewer lias dovi.sed a short rublier tube with a flange w'hich 
makes an air-tight fit in the chc.st opening. This tube is firmly held in place 
by strips of zinc oxid adhesive pla.ster. The opening in this tulxi has a slight 
taper from without inward. Into this tapering tube another similarly shaped 
tube fits snugly so that there is no leakage. Thi.s tube is long' enough to extend 
down to a bottle under the bed. From this liottlc another tube leads to tho suc¬ 
tion apparatus, the suction of which must bo very weak,* 

17 
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Eor this particular purpose Karl Connell has made a very ingenious appli¬ 
cation of the Sprengol pump, in which a small amount of water (a few drops 
at a time) drips from a reservoir and Hows through a loug, narrow tube bent 
in a circle in its upper portion. The length of the vertical fall below the circle, 
together with the amount of water flowing through it, governs the amount of 
suction. 

KENYON’S METHOD.—In order to establish tliorouph drainage of the pleural 
cavity without disturbing tbo normal pressure redations on the lung surface and in 
the oir vesielea, I (10) devised u simide inctlfod which was first used at the Babies’ Hos¬ 
pital in 1910. (Fig. 7 .) 

The drainage tube consists of fairly .stiff rubber, 5 mm. (1/5 inch inside 
diameter), the wall about 2 mm. (2/2.5 inch) thick, and about 1 m. (1 yard) 



Fia. 7. —Method or Connectino Lono Tube from Pleural Cavity to Bottle Contaihinq 
Sterile Water. This method may be u«ed in empyema and pneumothorax. 

long. Near one end of the tube a small window is cut, and over this end a 
tightly fitting cuff of a slightly larger tube, about S mm. (8/25 inch) .inside 
diameter, is slipped, leaving about 2.5 to 4 cm. (1 to 1 3/5 inches) protruding— 
just enough to penetrate the chest wall. A piece of tape 10 cm. to 15 cm. (4 
to 6 inches) long wiA a hole, preferably buttonhole stitched, in its center, 
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is tLrciidcd over the tiilw down to the eiifT, which 'prt;vents it fri>iii 
slipping. 

This rubber tuln? is coiiins'ted with li jibiss tul>e. which posses through 
& 8top|K*r down to the l>otlt>ui of :i lH>ttle ot olxtiit TitK) «*. c. ('opocity. 
Througli tlie stopper then* is anotiier short tills*, inokin^ ti device siniihir 
to tlie “wasli btittle ’ used in tin* eheinieal lalmratorv. A notch in tin* sidti 
of the stopper will 8t*rve the pnrposi* of adiiiiltino air as well as this swoinl 
tube. 

7ho bottle, stop|>cr, tnlx*, and tape are stc*rilized (*ilher bv boilinti^ or in tho 
steam sterilizer. Ibis steriU* lK>ttl<* is then tilled to oiu* (piart(*r or one-third of 
its enpaeity with warm sterile s.ilt solution or sti*rile wati'r, ami tho stojijxir 
inserted. 

'Ilie method of inserlino: thix tube into the plenral cavity is as follows: 
After the op<*rativ(* lield has been painted with limMiin* of iodin, the aspirating 
needle is inserti'd to locat<* the piis. No\ocain am*‘<tiiesia in the skin snrroniid- 
ing the aspiratinj' m*edl(*, whii*h is h*lt in po>iiion, or a lif^ht efh<*r anesthesia 
may Imj employ(*<l Is'foro anythinir fnrth<*r is dom*. 

A narrow bhi<led kniti* is inserted alonj^ tin* side of the needh*, In'tween it 
and tho npjM*r margin of the rib 1k*1ow, until it |)eMetrat(*s the plenral cavity. 

ith the knite in this position, a short incision parallel to the rib is made*, tho 
knife is then withdrawn ami an artery clamp insert(*d. 'I'ln* needh*, which up 
to this time ha.s acted as a jruidc*, is now witlnlrawn, ami the* arl(*ry clamp operioil 
to stretch the opening just <*nonfrh to a<linit <d’ tin* tube heinj' erowd(*d in. 'riie 
tulxj makes an air-tijiht lit with this op»*ninfr ami cannot slip fnrth(*r in h(M*ause 
of tho rnblier enIT, ami cannot slip out bceaiise* the hiittonlnded tape, which is 
fastened to the chest wall with adhesive plaster, lirndy Indils the ont(*r ealjro of 
tho cuff. A small split fjanze pad surrounds llni tube and eoinpletes tho 
dressing. 

The other end of thi.s tnlu*. as mentione<l before, is eonnee.led with tho 
liottlo which is placed on the iloor or snspeml(*d umler the ImsI. ^riie iluiel in 
the bottle move.s up and down in the tube with the respiratory inovementfl. Tho 
pus from the pleural cavity runs down the tube and mi.xes with tho fluid in tho 
bottle. 

, If the discharge is very thick and it is desirable tf) thin it or to irrigate tho 
pleural cavity, the bottle is elevated to the level of the chest or slightly higher 
and tilted over somewhat. This eausc*s the warm sb-rile water or salt sulution 
to run from the Isittle into the chest, and when the Isdtie is lowered tho fluid, 
mixed with the pleural exudate, runs back again into it. When the fluid does 
not move up and down in the tube diiriin; respiration or when tho small dressing 
becomes soiled it means usually that the tube is blocked. It is well to havo a 
duplicate set of tubes and Ixittle sterilized so that a complete change may bo 
quickly made. 

The fluid in the bottle is rcnewc<l as often as necessary, perhaps every 2 or 
5 hours, or poaaibly only two or three times a day. Ueforo changing tho fluid it; 



244 


ASPIRATING DEVICES 


is well to put a cldmp on the tube and also to avoid touching or contaminating 
the stopper and that portion of the tube which is within the bottle. 

When for several days there has been little if any discharge in the bottle, 
with a normal temperature and pulse, the tube is completely removed aud the 
opening in the cheat wall closed with adhesive plaster. lu a few cases there 
may bo after this a return of fever, increased pulse rate, and physical signs 
of fluid in the chest, necessitating a reintroduction of the tube for a time. The 
above method has been most satisfactory for very young children—from a few 
months to 2 years old. 

For older children, for adults, or for cases with large masses of fibrin or 
dense adhesions that should bo removed or broken up, the ordinary method of 
rib resection must be employed, hut even in these ciiscs the same principle may 
bo used. Here, of course, the opening must be sutured down so as tightly to 
surround the tube, and a somewhat larger tube used after completing the intra- 
thoracic manipulations. 

The advantages of this method arc: 

(1) A simple operation, easy to perform. 

(2) No shock, duo to the simple, quick operative procedure, to the slow escape of 
pus and subsequent gradual change of iiitrathoraeic pressure, aud to the absence of 
pneumothorax. 

(3) , The single gauze dressing which does not require fretjuent changing, as there 
is practically no leakage around the tid)o. This greatly lessens the danger of serious 
and often fatal mixed infection of the pleura. 

(4) Convalescence is much shorter, 

(6) Patients arc far more comfortable. 

(6) This method is partieidarly applicable to young children, where with the 
older methods, as is well known, the mortality is alarmingly high. 

(7) Drainage is very efficient, as the discharge is continually thinned and diluted 
by mixing with the warm sterile salt solution. 

This method seems to be ideal for the treatment of pneumothorax, whether patho¬ 
logical or traumatic. The steps of the operation are just as describe*!. The respiratory 
movements force the air from the phuiral cavity tlown through the tube to escape at its 
lower end and bubble up through the sterile water. A eohimn of water now ascends 
in the tube a varying distance, thus preventing any air entering through the tube. 
The intense dyspnea and cyanosis whi*-h accompany these traumatic cases arc in¬ 
stantly relieved and the lung is enabled to work under nearly normal conditions until 
nature or some operative intervention repairs the tlainage. This method is very satis¬ 
factory for use in any operation in the thorax p*‘rforme<I with the ai*l of the intra¬ 
tracheal insufflation or tho cabinet, where it is desire*! to drain for a short time. If 
both pleural cavities have been opened, they may both be ilraincd in this manner 
without any danger of tho lung collapsing. 

Abdomen. —Continuous suction may be applied to A'nrious conditions in the 
abdomen, as has been demonstrated in cases of tbe following conditions: abscess 
under the diaphragm or in the liver; echinococcus cysts; gall-bladder drainage 
or sinus leading down to the biliary ducts; wounds following operations on the 
pancreas; intra-abdominal abscess from any cause; appendicitis; diverticulitis; 
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or salpingitis. A ilw'jvsoatoil al>st*i‘ss in the jn'lvis from an np]>cndix, fallopian 
tnlx*, rnptnreil hlathler, m- Iraoinrctl jH'lvio Imuio is parlienlarlv amcnablo to 
suction. 1 lie iloul»U> IuIh's with tlu‘ riuitiiiuous suction kiH‘p (In' wouiui clear 
down t(* the verv iHitloui, Ic.-.siu ali->orpti(in. and favnr tlie liealing. The dis¬ 
charge is in this way prevented fnmi coniitig in contact with the skin -which 
condition usually gives rise to a troid)l<‘sonie (hn'inatitis. This is particularly 
important in fecal listula- and in sinusi's <lis<diarging hih', pancreatic sivretioti, 
or nrino. 

Sdinc ipiilo remarkaldi' results have Ixs'ii olitnineil in the tnailment of fecal 
fistnlje. where the irritating dischargi' has produced a most acute e»-/.ennitous 
condition over a large area of the alHloininal skin which ilid not r«‘spond to any 
treatment ami, from its intense irritation, kept the patient in a wretehcil con¬ 
dition. 'I'lie apiilicafion of the short i|onhl<‘ tnhes which penetrated the wound 
only a few centimeters or really r<‘st<‘d in the depression of the wound si'rvoil 
to collect all tlu‘ discharge as so<in as it app<-.(rcd and to convey it to the bottle. 
The skin condition rapidls cleared n|> in a few days, the gmii'ral In'alth im¬ 
proved corresjiondinglN. and, with strapping, the li-tida healed. 

\\ hen one desires to Inail an opening in a hollow visens, as tin' gall hluddcr, 
urinary bladder, or the inlesliiu-s, the short double lube which mertdy penn- 
trates tin* skin and snheutaneons tissue .should he employed. 'Phis iti no way 
hinders nature's attempts at rep.-iir. The patient's comfort is greatly inerenscil 
atnl his rest undisturbed by (diminatintr the freipiciit dre.ssings which are 
generally re([nired in tin* ca.ses in whi<-h the ilischarge is |irofus(' or otTon- 
sive. 

In snpra|iuhie jirostatectomy the hladiier is (dten drained by nieaiiH of a 
good-sized rnhlx'r tube tightly sutured in the wound by L* or .‘i jtursci string 
sutures or - or ‘i rows of linear sutnn-s. This tube is carried over the si<le r)f 
the bed into a bottle. I'his melbo.l is (piite satisfactory and does not n'tpiirc 
.suction, but it is neces.sary that the stitnres lx- water tight, and great care iruist 
be taken that the tube does not be<-ome o<-cln<lc<l with blood i-li)ls. When, after 
.some days, this tube is removed, there is for some time eonsid>>rahl(! h-akago of 
urine. 'J'his makc's the patient mo>t micom fort able, partieidarly at night, an the 
frequent <dianging of the ])a<ls di-tiirbs his rest. .\11 this may be avoided by 
in.serting a .small, short, double tube a^ .«oon as the original one is removed, 
strapping the wound aronml it and applying the suction. This does not neces¬ 
sarily confine the patient to the bed, as, with a sullieient length of tubing, he 
may be up and around the room yet ahsidutely dry. The double ttibc with 
the suction may be employed from the first. In this ease the larger outer tiilie, 
cither rubln'r or metal, should have only the end opening withotit any side 
window.s. It should exteinl some fli.stanee into the bladder, about half-way down 
to the region from which the prostate was removed. Thi.s tube is suttircd in 
place as dcscrilx'd aliove. and within it is placed the smaller suction tulie. This 
inner one shoubl be large enough, however, to remove the clots. 

By means of this suction the bladder .never becomes more than half full, 
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with the result that there is no pressure on the suture line, and.consequently a 
more rapid and firmer union. 

This is especially important where there has been an extensive suturing of 
the bladder after the removal of a tumor or from a rupture of the vesical wall 
or where the ureter has been transplanted. In all these cases a comparatively 
empty bladder favors a more rapid and stronger healing. 

USE IK PBODUCTIOK OF HYPEBEMIA 

Another use for suction obtained in this manner is its application to the 
various cups and apparatus desi^nied by Hicr for the production of hyperemia. 
These may bo exhausted to any degree of vacuum desired and, if provided with 
a stop cock, several may be employed at the same time. 
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THE PRINCIPLES AND TECHNIC OF OPKKATIONS UPON BLOOD VtaSELS 
Fiekdkkick T. Van Hkdukn, Jii. 

GENERAL CONSIDERATIONS 

Tliorp uro two priiifi|il( s •■oiimioii to all \aM'nlar .-iirfri’vv whicli. iiiifiortaiit 
as they arc in j^eiicral work, arc licrc jirt'ciiiiiiciit. (’l('anliiicss iTnd j^uitloness 
arc, you may say, the fouiulati<'ii u]ioii which rests miccj-sm iti oporationa of this 
sort; and hlood traiisl’iisioii, traiisplautation, and anastoniosis of vossols aro 
dansrerous possibilities in tlic hands of one not thoronchly Iraiinid in tho prac¬ 
tice of aaci>tic sur^n’ry. Kven the clean and capable o])eralor finds phmly of 
technical dilliciilties to lie ov(’rconi(', haiidliiiir the narrow tnbi's, witii tlioir 
delicate lininfr and thin, llaccid, or thii-k <’c»ntractilc walls; and the inani])ula- 
tion of tiny noodles an<l line sutures, such as arc frenc>rally oniployed, recpiiros 
skill as well as (rood intentions. So it seems fair t(t say that no ono ought to 
attempt the more dillienlt op('rations upon hnnian blooil \essels without previous 
practice upon animals. .\nil in this res(>eet it is interesting to nfun'inber that 
many of those oj)erations now nsefnlly employi'd in linmaii surgery were 
originated by CNpcrinienters on animals; wliile it is <Mitirely jEossiblo that many 
others wdiicli arc being worked ont in the laboratory to ilay will, within a short 
time, bebomc established j)roeednres in tlu! operaling rmnn. 

Kor tho sake of sinij)lieit\' (I) op«-rations upon arteries; fll) ofwrations 
upon veins; and (ITl) operations njion capillaries are Ihto considered in sepa¬ 
rate scries. But operations upon blood vessels are, in the main, intended to 
accomplish one or more of the following emls: to cheek l)leeding or interrupt tho 
circulation; to obliterate the vcs.scls; to alter the hlood or circulation for pur¬ 
poses of depression or stininlatioti; to remove* the cause of (>ireulatory disturb¬ 
ances due to varicose veins; to reston* or rei*.stahlish tlu! eireulation; for drain¬ 
age of tissues or cavities; to prevent the dissemination of infection. And thus 
I have, for the sake of a logical arrangement, grouped tho various surgical 
procedures under these sub-headings. 
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SUBGIOAIi FBOOEDUBES 


Arteries. —Tho surgical procedures directed against arteries are: 

(A) OPEEATIONS TO CHECK BLEEDING. —The application of; 

1. Postural compression. 

2. Bandages and compresses. 

3. Digital pressure. 

4. Tourniquet. 

6. Forcipressuro. 

6. Torsion. 

7. Terminal ligatio,,/"' ‘“'"■“’’•"’•J'; 

[ b. permanent. 

(B) OPKUATIONS TO OULITEUATE THE VESSELS. -(Sec Chapter On 
Aneurysms.) 

(C) OPERATIONS TO RESTORE OR REESTABLISH THE CIRCULATION 

Cl ^ f IL longitudinal wound. 

• 1. Suture-^. ^ , 

[b. transverse wound. 

2. Arterial anastomosis, end-to-end. 

a. end-to-end. 

3. Arteriovenous anastomosis- b. end-to-sido. 

c. side-to-sido. 

a. embolus. 

b. thrombus. 


4. Arterial section 
6. Transplantation. 


II 


Veins. —Tho surgical procedures directed against veins are: 

(A) OPERATIONS TO CHECK BLEEDING OR INTERRUPT THE cfRCULA- 
TION 

1. Posture. 

2. Bandage, compresses, and packing. 

3. Digital pressure. 

4. Torsion, forcipressure, and terminal ligation, ligation en masse. 

5. Cautery. 

(B) * OPERATIONS TO ALTER THE BLOOD OB CIRCULATION FOB PUR¬ 
POSES OP STIMULATION OR DEPRESSION 

1. Intravenous injection (blood serum, etc.). 

2. Intravenous infusion. 

^a. artery-to-vein) 

I, . . kdirect. 

b. vein-to-vein J 

c. intermediate. 


3. Intravenous transfusion- 
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4. Intravenous injtvtion (uii<*sthesi;i, ete.l. 

5. Venostwtion (1)!»vm1 leHinjr). 


(C) OPERATIONS TO REMOVE THE CAl’SE HE ClRi’l'EATORV DlSTl'RIi- 
ANCES DUE TO VARH’OSK VEINS 

1. Injection. 

2. Ligation. 

3. Excision. 

4. Incision. 

.5. Suture. 

(D) OPERATIONS TO RESTORE OR REllSTAlU.lSH THE CIRCULATION 


1 . 

2 . 

3. 

4. 


I.atfTitI ligation. 
Suture. 

Venous unastoiinwis-i 
Transplantation. 


a. 

1 ). 

c. 


eiul-fo o!nl. 
••ml to .■»ii!e. 
.side-to-siilch , 


(E) OPERATIONS FOR DRAINAOE OF TISSUES OR (UVITIES 
'I'ransplantation. 

(E) OPERATIONS TO PREVENT THE DI.'^SEMINATION OF INFECTION 
Rcinoval of septic tliroinin. 


III • 

Capillaries.—The surgical ])i’<v'e<liir('s dirccled .'igainst cnpillaries nro: 

(A) OPERATIONS TO CIIEI^K IlLEEDINO 

1. Styptics. 

2. Packing. 

3. Cautery. 

4. Ligation cn vuissr. 

(B) OPERATIONS TO OHEITEKATE THE VAS(;iII,AR (RIANNEI>S 

1. Acupuncture. 

2. Galvunopuncturc. 

3. Injection. 

4. Freezing. 

r>. Excision en masse. 

r». Dc.siccation, Kroinayer light. 

7. Ligation. 

IV 

Lymphatics. —TTandley’s operation is hero introduced for tho sake of its 
relation to blood vascular operations. 

anatomioaIj Founts to be noted 

It is, of course, e.ssential for the surgeon operating to have very definitely 
in mind those muscular and bony prominenexts which servo to indicate upon tho 
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Fio. 3 .—Cbilb’b Clamps. Fig. 4.—Oorrai^ce Clamp. 


surface of the skin an imaginary projection of the particular vessel toward 
which his attentions are directed; and it is almost as necessary that he be thor¬ 
oughly familiar with the relations borne toward this structure hy the veins, 
nerves, muscles, tendons, and fascial planes which accompany or surround it. 
The nhat and careful exposure of a blood vessel at a predetermined point in its 
course is quite a different procedure from the often somewhat headlong opening 
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of the peritoneal cavity, in wliich the o*xplorinf» hand may palpate, if tlie in¬ 
cision ho long enough, alnu^st every striictuj-e from the xipluiid to tlio cnl-do-«ac 
of Douglas. Skin luid fas<*ial planes should l>e cleanly and sutliciently divided 
for pro|)cr retraction without undue tension of the parts. Museh‘.H should bo 


separated, when that is jxissihle, at their iu- 
terinusculnr fascial planes, or split, if it he 
necessary, in tho dirwtion of tlieir HIkts. In 
a word, it is imperative to avoid any unneces¬ 
sary trauma whose resultant hhvding may 
obsotirc the vessel sought, or whoso tissue «h'- 
struction may endanger flu* suect^ss of th<* 



Ki«i. 5.—SicjmicriNit with o* 


operation by inviting to suhstsiucnt hliwnl 

clotting and infection. To ac'complish this an aivurate knowledge of tho site 
and relations of the vessel to he attai’kod must he ohtained hefore any operation 


is attempted. .Mort'over, there shouhl he a clear understanding of the strueturo 
of a vessel wall and tho way in which a vessel will behave if bruised, wounded, 


or divided. 


XKSTBUMENTB USED 

Resides the ordinary outfit of s<*alpels, dissecting forceps, sc'i.ssors, retractors, 
lioniostafic forceps, etc., eertaiu iii.strumeiUs and !ij»paratus of a sjirtrial nature 
are rciiuired: (A) to control tho flow of hlo<»l temporarily; (H) to facilitate 
the approximation and adjustment of the vessel sc'gjmmfs, or potentially con- 



no. e.-^C0BR’s Clampb, SraAioBT and Ccbyed. 
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nect them; (C) to maintain the apposition of the vessel ends or edges until 
cellular repair has established itself; (D) special instruments for excision of 
veins. 

The first group (A) includes: 

(1) Elastic constrictors, linen tapes, or strips, or heavy twisted silk, fast¬ 
ened by forceps or serrclincs. 



Fio. 7 .—Fink Scissorh and Forokpb, Hthaiuut and Curved. 


(2) Broad-blatled, delicate Billroth forco])s; miniature Doyen hysterectomy 
clamps (Dorraiicc) (Fig. 4); Herrick’s clamps; Crile’s clamps (Fig. 3); 
serrefincs with smooth blades (Fig. 2) ; Jcgcr’s clamps, straight and curved 
(Fig. 61. 

Among the second group (B) are: 

(1) Fine thumb forceps (Fig. 7). 

(2) Fine scissors (Fig. 7). 

(3) \ arioua individual implomcnfs such as Payr’s magnesium rings; 
Murphy’s forceps; (Irile’s and Elsberg’s cannula; Brewer’s tubes; Lindemann’s 
syringes; Curtis and David’s container, etc., which will bo described each in 
connection with its appropriate operation. 

The third group (C) comprises: 

(1) Fine needles, curved and straight (No. 12 to No. 10). 

(2) Fine sutures of catgut, Pagenstecker linen or very fine silk (first 
choice) (Fig. 1). Carrel uses special Lyons silk; lAlienihal uses No. 000 silk; 
Dorrance uses No. 1 Pagenstecker linen; Guthrie uses No. 12 to 16 needle from 
Kirby, Beard & Co., Ravonhurst Works, Bradford St., Birmingham, and silk 
from James Pearsall & Co., 71 Little Britain, London, or “Bead silk,” whole 
for large, and untwisted for small vessels. 
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The last group (D) inchukvs s\i<-h iiulividual instruments as Mayo’a ilis- 
aector, Mamourian's prolx*, ete.. wliicli will Ik* nientioiuKl more fully later. 

METHODS AKD CHOICE OF METHODS 

There have lxx*n j)ul)lisli('(l so many mcthoils of. iiinlertjiking the various 
surgical pnK'cdurcs upon tlic hlivod vc^'-cls, ami comjtaralivcly .so few statistics 
have Is'cn gathered during tin* .sliort time in wliicli this idas.s of work has Imh'II 
at all extc'nsivcly practiced, tliat oidy those wa\s of piovcn value will he fully 
de8cril)ed, othcr.s IsMiig nicntioiic«i (svilh rcfcnaicc) for the convenience of the 
reader. 

The elK>iec of a luethoil naturally depends .sonu'wliat upon tin* choosers 
individuality, if imt pevuliarilies; hut, gi-nerall\ s|u‘aking, tlial mellioil sliouhl 
be the choice which promises to fidfil for tin* priM-edure in (piestion the grc'atest 
nuinl)cr of the following desiderata: (1) .safety, (li) sperai, (.5) case, (4) 
aipiplicity. 

DANOEBS AND DUTICULTIES: CAUSES OF FAILUBE: COMPUCATIONS: 

BESULTS 

The dangers and ditliculties, the causes of failure, the complications and 
result.s of opcratifuis upon the blood vessels can Iwst he diMailed in comu'ction 
with each opciration, hut it may he said in pa.s.'ing that (‘scape from the first 
and excellence in the last dej>cnd largely upon the avoidance of’dirt and 
roughness. 


I. OPERATIONS UPON ARTERIES 

OPEBATIONS TO CHECK BLEEDINO 

I’O.STIIKAI, ('o.Ml‘K>:.S.SIO\ 

Postural compression is hardly an operating-room proccalnrc, hut I have 
seen its value in at least one ca.se on its way to tlu; tidjlt;. A man with popliteal 
aneurysm was whech'd into the (’ity Hospital at Rlaekwell’s Island. As he was 
being transfernxl from chair to stretcher the aneurysm ruptured through the 
ov'erlving skin and he woidd probably have; hlcfl to death then and there had 
not an unusually intelligent a.ssi.stant fhixed the leg sharply ujxm the thigh 
with a folded towel at the l)cnd of the kiits;. 'J'his checked the hlwding sutH- 
ciently to allow time to find and apply a tournitpiet and get the })aLicnt to the 
operating-room, which w'us at some di.stance. In a similar fashion, with a pad 
between, complete flexion of the hip or elWv joints, and adduction of the 
shoulder joint will exert obliterative pressure upm the adjacent vessrds. 
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Bandages and Compeesses 

A stout rubber bandap;c, witli a gauze compress bcneatli it, may bo used to 
control arterial circulation or to check arterial bleeding, but it is far inferior to 
the regular elastic or pneumatic touriii(piot and the compress has to be ac¬ 
curately placed over the vessel to make it properly effective. 


Digital Pbessure 

Digital compression is little used now, except for the temporary closure of a 
divided vessel until a elanij) can he applied, or to control the circulation in an 
omorgency, or for special operations, as in MacEwen’s method of aortic com¬ 
pression. 

The Tourniquet 

•The tourniquet is used, in the operating-room, chieHy to control the cir¬ 
culation; 1, preceded by the application of an Ksnmreli or Martin bandage, 
to secure a bloodless field for diflicult and careful dissection of complicated 
structures, such as tendons, etc., at wrist or ankle; 2, to prevent loss of blood 
in preparing for, or performing, the amputation of an extremity. 

There are two satisfactory forma of tourniiiuet: (a) the solid rod or tube of 
elastic rubber, about 2 feet long and Vg diameter, and (h) the pneumatic 

tourniquet [Perthes] with metal rethiforeenient, a smaller form of which has 
been much used in connection with blood pressure testing. description of 
the instrument will be found in the chapter on Amputations. 

Trendelenburg’s pin, Varick's modification of it, Thomas’s forceps, Wyeth’s 
pins, Jordan-Lloyd’s tourniiiuet, Momlierg’s tube, etc., are special implements 
best described in connection with the operations (amputation of hip and shoul¬ 
der) they were designed for. 

The Esmarch method of applying the tourniquet consists in applying 
tightly, from below upward, in an even spiral, without reversing, an elastic 
rubber bandage which is carried as high on the limb as necessary. Immediately 
above it an elastic rod or tube is then wound around the limb sufficiently tight 
to arrest all arterial circulation below. Thus the limb is emptied of blood and 
kept so. The tourniquet is then fastened by clamp or tying and the bandage 
removed from above ilowuward. Instead of the preliminary bandaging the 
limb may be emptied of blood by elevation for 3 minutes, while massage to¬ 
ward the trunk of the body is practiced. 

Matas utters the following warnings anent the use of the tourniquet and 
the elastic bandage: 

Always apply the elastic tourniquet over the femoral or humeral shaft, or at such 
points that no vessel can escape a circumferential compression. 

Segin by compressing the vascular or adductor side, leaving the outer or extensor 
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surface of tBe limb free from pressure, so that venous choking of the limb may be 
avoided. 

beparate each turn of tlie constrictor hy an intervening space to distribute the 
pressure. 

Do not allow the consirictcil ineniber to suddenly llev-cd or cxtendc»l after tho 
constrictor is in place for fear of loaring sidietif.-iniiiusly ilic underlying muscles und 
nerves. 

Do not keep the constrictor in place much longer than an hour, <ir an hour and 
a half. 

Jt ha.s been objecti'd with g'ood reasons that the iseliemi.a of a limb oblaiiu'il hy 
foreibli* clasti<' I'ompression i~ likely to !»■ lulliiweil by ( I ) bixi i ^■.i^'c eapilliirv ooring; 
(2) it inen-ascs the risk ol septic eiiiloli»iii and of ealleerons Iiielasl.ises ; (.'!) it greatly 
favors the absorption of toxic cbemieal antis<‘pties; (1) it increases Ibo liability to 
ischctnic necrosis. 

For tlii.s reason Matas thinks elexation and massage jtreferahh* to the ela.stio 
coiiipres.sioii bamluge as a |treliniinarv to the application of the toiirniipiet. 

^riio pnmunatie eotistrietor is made to emdreh' tin' limb at a (•oinenimit 
point jtroximal to tin* intended Held of o|ieration after preliminarv elevation 
and tmissagi*. unless tliis is conira in<li<-ated. It is llien fastened Knn<,dv, but 
not tightly, by its int'tallie ring, iind the jmenmalie circlet, which surrounds 
the linih insid(‘ th(‘ metal rei'nioreemeiit. inllated h\ means of its pump until 
tho pul.se, palpateil at .some point ilistal to tin* constriidor, is completely oblit 
orated. ’I'his usually reipiires a jire’ssure of l.Mt to ;’n() inm. of mercury. 

The only bad results to be feared from the application of the tonrni(|uot 
ar<* temporary pres.snre paiaixsis and injnrx o| di-eased xessels at the point of 
apjdieation. 'Phis should he kept in mind and the loniniipiel, must be appliml 
only with siillieient lorce to oliliterate the pulse, which should be under tho 
linger of an a-si-tanl during the application. In eases where the arteries aro 
stiff and presumably fragile digital pn'ssuri* <-onlrol of the circulation is prob¬ 
ably safer. 'I’lie pneumatic constrictor has this ailvanlage ovc‘r the ela.stie 
tourniipiet, that its pri'ssnre can In* \ery carefully and easily gra'luateil, hut the, 
sim])lieity of the elastic hand has .so far hrmiglit it into eoininon nst*. Fithor 
one projjorly aj)plied is .«afe and of great eiinv<*nienee. 


FfUU'II'RK.SHrHK 

Practically the only method now iistsl in operation w'onndH of ehoeking ar¬ 
terial hemorrhage is foreipre.ssnre, with or wilhont snhseipient ligation, ami 
this is true of aecideutal wounds wln*ii iiistnimeuts are at liand. In (hicp 
wounds where ligation is dangerous on aeeoiint of the fragility of tlio tissues, or 
impos.sibIe because of the narrow .s[»ace. the foreep.s may l>e bTt on the vessel 
for from 24 to IH hours until the f<trmation of a firm chit and the contraction 
of the cni.shed inner eoats provides for .s'‘aling’ of the vc.s.scl. Wherever pos¬ 
sible, ligation should follow the applieation of the hemo.static clamp, unless tho_ 
vessel is of very small caliber, when many operators crush or twist it fand trust 
18 
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to luck that the retraction and torsion of the inner coat will snfRco). Ligation 
is safer, however, if you are sure that your ligatures are sterile. 

It is important that no c.\traneous tissue ho seized in the clamp with the 
artery, lost nerve iih(!rs ho aecddeutally crushed or included in the ligature and 
so give rise to sidwetiuent pain or possibly paralysis. 

Hemostatic! forc(;[)s, or artery (damps, as they an; usually called, arc made 
in various sizcis, wciglits, and patterns, hut the crushing principle is the same in 
all of those designed for permanent lumiostasis. 'riiey consist essentially of a 
pair of jaws whose; opposed surface's are serrate;;!, attacluHl to handles with rings 
at the end for a thuiid) iind ling(;r. Th(;y are; provitled with a ratchet lock to 
hold them in adjustment at the ek'sired tension. '1 he jaws may he long or 
short, broad or narrow, and blunt or narrow-ended, iind some have tiny intcr- 
digitating teeth at the tip. 

The for(;(!j)s is h(;lil by the; thumb and in(l(;x, or thumb iind niieblle finger 
(usually of the; right hand), the; wound (;(lges separiiled.iind the; tissues around 
tlio bleeding v(;sse;l steadied by the; opposite; band, iind the; end of the divided 
vessel is caught, as ele'aiily as possible, in the tip of the jaws of the forceps, 
which is thereupon closed and locked with sullicie'nt force' to bold the vessel 
seenirely. The handle; of the clamji is lie'ld ve'rtical until the ligiifnre has been 
passed around it and then depr(;Hsed to raise; the tip so tlnit the ligature may he 
tied Iwrmath it. After the first knot of the ligiitnre luis bei'ii tied the handles 
of the forceps are pinched slightly togethor and sepiiratcd laterally to unlex'k 
the catch, and the jiiws are carefully opeiie'd and withdrawn from the wound. 

The end of the vesse'l nuiy be cut tbrongli and pnlle'd iiway be'foro the 
ligature is properly applied if too much force' is used in ])incbing the vessel 
and pulling upon it. Ne;rves may be included and injured it the artery is not 
grasped free from its surrounding tissues. 

Toksiow 

Some operators draw tho vessel a short distance; from its sheath, steady it in 
thumb forceps be’yonel the lieui(*stat, and twist the' end by rotating it'three or 
four times on its own long axis to rupteire eind cause' re'triiction of the inner 
coat. This is permissible only with very small arteries. 

Ligation 

Terminal ligatlou is far the Iwst moans of leermanently arresting arterial 
bleeding. It may ho used in a modifiod form to cenitrol the circulation tempo- 
rarilv, and will bo described in eouueetion with suture of arteries. No. 2 
catgut is the most connneuily used material for tying superficial vessels in soft 
tissue. In firmer tissue, like those of the scalp, a stronger gut may bo ree|uircd. 
,For ligating large arteries No. 3 or No. 4 eliromie catgut is often used and silk 
and linen oceasioually also. 



OPERATIONS UPON ARTERIES 


259 


The artery to be lipittvj iii i‘nuu[ht by a bcmostat aa cicacribcd in the pre¬ 
ceding section. Tlic ligiitiii'c is so liaiulcd by the iiurso tbnt it iiniy be grasped 
near tlie middle by the i«iirp‘»)ii's right iiuiid. lie ]>tissos it round the vessels 
from right to left, oiitehiiig the free end in his left hiind, ties a singlo knot, 
setting it down lirnily upon the vessels Unond the tip of the clamp. Tho as¬ 
sistant then removes flu* eljimp and the siirgetui ties a siviire knot in such 
fashion as to form what is generally known as a “siiuarc” or “rt'ef’ knot, which 
is less bulky than the “surgi-on’s“ knot, and safer than the “granny.” Caro 
must be taken to set the smuid knot <hnvn tiglilly uj>on the first and not to 
‘'upset” the knot. If too miieh force is useil in tying the first knot tho vossol 
may Ix) eut tot) tleeply ami the elosurt* Ik* iiunle less secure. It is not uncommon 
to see a surgeon in a hurry pull too hard t>n Ids ligature while tying a delicate 
vessel,.and tear tho emi of the vessel otT, nect-ssilating a repetition of tho pro¬ 
cedure. 

OPERATIONS TO RESTOBE OR REESTABLISH THE OIROUZ.ATION 

I.AIEKAI. StriUKK 

T.atoral suture of an artery may he. reijuired to rejtair an aeeidental wound or 
rupture, either longitudinal or traiisverst*. or an inci.sion tliat has been made by 
the .surgeon to remove an einholus. It shouhi not he used in wounds of such 
size that their closure will occlude the artery, nor in ea.sc's of extensive crushing 
of the artery and perivascular tissues. The presence of infection also contra¬ 
indicates it. 'J'he e.ssential conditions for the operation are: tho b(*st poBaiblo 
asepsis, a non-injurioiis means of temporary hemostasis, gentleness iji handling 
tho ves.sels, accurate ap|>roximatiou of tla; inlimas without niini'cessary trauma, 
means of maintaining this approximation until cellular rejjair has been ostab- 
li.shcd. 

Tho part should he shaved and wra]ij>ed in a soap ])oultico for 24 bourn if 
po-ssihle; then scruhlted with a gauze compress with green soap and ntorilo 
water; then with ah'ohol and ether and a gauze compress; thi-n flushed with 
mercuric chlorid, 1 : 'i.ttOO, and. finally, sterile normal salim*. 'I'Ik! nurfuce 
landmarks that indicate the line of the vessed to lx; attackeil must Ixi noted and 
tho lino marked upon the skin hy a light stroke of the scalpel. 

Equipment.—Hesi<lc the u.siial c‘t|nipment of scaljiels, dissecting scissors 
and forceps, hernostafs ami retractors. ligatun*s and sutures and nmlles, there 
are required: several serrefines with rnhlxjr-covered or smooth blades (Fig. 
2); 1 pair of fine, straight scissors; 1 pair of fine, curved scissors; 1 pair of 
fine, straight forceps; 1 pair of fine, curved forceps (Kig. 7); several fine 
hemostats (mosquito clamps) ; a jar of sterile alholin with eyo-droppor; and 
several fine needles. No. 12 to No. Id, threaded wdtli fine silk (Fig. 1), which 
should be boiled in alholin. 

Operative Steps. —The operative stops arc ns follows: (1) Control tho flow 
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of blood through the artery hy tourniquet, if possible. (2) Expose the artery 
hy sharp and blunt dissection, using every effort to avoid unnecessary tissue 
injury and bleeding, and fasten towels to the edge of the skin, (.3) If the 



Fia. 8.—SuTUiiK OK liONoiTUKiNAii WoljNi) IN l)i.oui> Vkm«kl: Guthuie’h Position ok Hands. 


artery is bleeding when exposed, an assistant should exert pressure \ipon it 
above and below the wound, or, if neiressarv, with a finger upon the wound 
until it can bo sufliiuently isolated from its bed to occlude it temporarily by 
tape or clamps (Fig. 5) about I inch above and below the wound, (t) Re¬ 
move all blood and hlooil clots from the wound by sponging with sponges damp¬ 
ened in warm norhial sa¬ 
line; and from the vessel 
lumen, by very gently 
slripjiing it toward the 
wound from both ends, the 
expressed blood being ab- 
.sorhed by a dry sponge 
held against the wound. 
('») Handle the vessel 
with the fingiws (see Figs. 
S and !>) rather than with 
the forcep-s, and as gently 
as possible. (6) I’ick up, 
in fine forceps, the deli¬ 
cate outer coat of the vessel and trim it away from the margins of the wound 
for 1 or 2 nun. (l/'J."! to 1/12 inch) with tine scissors. (7) If the woiind edges 
in the vessel are lacerated or eontii.st'il. trim them smooth with fine, sharp 
scissors. (8) Take a few drops of sterile liquid alholene, on the tip of a pair 
of forceps or in a hypodermic syringe ami gently moisten the wound edge 
with it. If the sutures have not been boiled in albolcne, lovyer them carefully 
in the jar until they are completely saturated with it. (9) A continuous over- 
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hand (Fijr. 14) or iiitorrujttcd sulmv may U* doiio, or a hvk (Fij;. 11), 

and sliould pass thronyli all coats, takiiiir caf<‘ not to touch tlic iiilima witli tho 
needle, except at the j>oiiit of {mneturc. ’I'Ik' educs i>f tin- wound shoiihl bo 
brouffht itito cloM* appo-^itKai without invcrliinr. 
wrinklino, or ptn’keriii;:, and the snlnn- nnist 
not 1)0 so tiirht as to ent throneli the tisMic. The 
needle should he introduced ahmit ' to I nnn. 
from wound edi:e and .-t itches shonhl hi* placed 
alsMit '2 f*' 1 "‘in. ( 1 to 1 inchi apart 
and the ends ti<‘d with a sipian' knot and cut olf 
short. 

(10) A continuous lualtn ss suture* ( l*’i:L;- 
12) is re*connne*ndi*el hy ItiiriMnce* and inter 
rnjite*el inaltri'-s .■«uturi-s ( Hriaii and .laiioulav I 
have* hee*!! UM'd ( Eii^. Ill) hy Archdiald Smith 
with satisfae-torv re*>ults. Stew.irt’s l■lanlp ni.i’' 
hei i‘mploved if it is lhoui;ht unwi'i*to intm iiipi 
the e*ire*ulation ( I'iir. I“). NN'lien thi* sntuii* i- 
e*e)inj)le*teel, remove* the* elislal i*lani[) eer taiie* an<i 
le'Mik fetr le*akaLr<’ at the* suture* line*. If any 01 - 
enrs, jir(*s.s liL'htly upon the* ve'sse! with an ah- 
.se)rlM*tit ^iiu/e* sponge* fora minute*. Othi-rwisc, 

leieisen the preiximal chimp or tape* ami jillow the* full hlood stre'am to pa8.s tlio 
suture line. If sliirht leakatre* iK*e*nrs. pre'ss lightly with a sponge*, as l)e*foro, 
until it e*e*ase*s. If if e*:innot he* so I'ontrolli*il. within .'i or I minnle*s, or if a 
spurtiiifT point is see n, replace* the* tape* or e-lamjis to e-oufrol the* ble*e*dirifr, care¬ 
fully sponge away the hlooel and inlroeiui’e* as many e*.\l ra suture’s as ni*eM)SKiiry to 
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Flo. H.—Latehai, .Sutlkic or I/o.s'iuti oinai. Wor.vu wiiii I.ock .Stiti ii, IJhino Tension 

SuTi.ioai. 

close the defect in the oriirinal .suture line. Then remove elarnp.s ns before. If 
the suturing has been carefully done there will Ik; very little leakage and this 
will cease within a few minutes as soon as fibrin hIrK’ks the hole around tho 
punctures. Then clo.se the wound of e.xpfwure in the usual manner. 

The dangers of this operation arc not great, if you can be sure of a.septic 
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conditions, gentle handling and proper instruments. But the difficulties are 
considerable; for it is imt easy to get a good exposure of the vessel and collateral 

branches are apt to complicate the control 
of the blood current. If they are small, 
they may be ligated; but, if large, it is 
bettor to isolate them sufficiently to close 
them temporarily with tapes or serrefines. 
.\gain, the fiiie ikxhUos are not easy to hold 
aiul manipiilati! and the sutures break very 
easily, if they are not tied with the utmost 
care. 

The chief cause of failure is occlusion 
of the artery by thrombus formation. 
S(‘(;oudary In'inoiThago may occur from 
tearing out sutures, or following infection, 
if the sutun's arc not properly placed or 
asepsis is imperfect, but it is not likely t.() happiai and only occurred once among 
the cases reported up to 1!)12. 

The results are generally good in fh<! reported ca«ea as to function, but doubt 
remains as to permaneut patency of lumen. 


Artekiai. Anastomosis 

Circular suture of artc'ries may be called 
for where n (1) transver.se wound divides 
more than oiic-half of the lumen of an artery; 

(2) where the lateral suture of a gaping de¬ 
fect in the wall would occlude the vessel, or 
where crushing of the artery necessitates considerable resection of the wound 
edges; (II) where the artery has been completely divided by knife, bullet, or 
other injury; (-1) aftef excision of a .segment for aneurysm, new growth, or for 

extensive crusbing of an artery. 

Arterial circular suture is 
contra-indicated ( 1 ") in all 
smaller arteries whose col¬ 
lateral circulation is normally 
sufficient to maintain nutrition 
of limb, etc., after ligation; (2) 
in all crushed and lacerated 
wounds when all the perivascu¬ 
lar tissues are badly or irreparably injured; (:i) in all suppurating, or other¬ 
wise infected wounds on account of tlmnubosis and secondary hemorrhage; 
(4) in all cases where approximation cannot bo obtained without overstretching 
of vessels and where venous grafting or substitution is impossible. (Matas.) 



Fw. 14 .—Lateral Svitckk with Continuous Qver- 
HANu Stitch. 
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Fio. 13. —I!iiiau-.Iaiioulay Interbupted 
Suture. 
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Instnunenta.— Tbe instnimnnts roqiiinvl uri': Usual (lissootin;; set; olostio 
constrictors; J/aiigenlK’ck's serrelines (or sern'plaU) ; iiiiniatiire Doyen clamps 
with clastic ct*veriug; sekvtivui Payr'a iiiagnesiiiiu rings (Eig. 30); lino 
forceps, straight or cnrvcti; tino scisst>rs. ^traigllt or enrveil; tinest silk or 
Alsace thread (No. r>0(D with Kirhv N<». 10 .■ilraight ni'i'illo (for small ves¬ 
sels); fine cambric nc<>(lh*s, or (los.*! nct>dlos. No. 0 lo No. 10, with No. 0 or 
No. 1 oculist’s silk (for larger Ye.s.>it“lsI ; sterile allH>lin; hlaek, lint-fri»o field 
sheet, or a white field sheet, if hlaek sutures urtJ us«vl; skin clips to fasten it 
to wound cdgi^s. 

Methods.- .V <‘oiisi<hTahle nuiiilK‘r of iiiethods of end to (uid anastomosis of 
arteries have Is'cn reported, hut up to the pn*senl lime only lima* ha\a) bomi ox- 
'teii.sivelv used: ( I ) 'I'lie invagination method (Murphy. I’ayr, etc.) ; (2) broad 
marginal n]i])osi(ion (Salomoui. )!riau. .laboulav, Le-<pinasstt and iOisenstaedt) ; 

(3) dirwt marginal approxinnition ((’arrel. (luthrie. etc.). In all of them the 

chi(*f points of teelinic ar*-: ('oinplete asepsis, exj>osnre of vi'ssels with least 

]>o.s.sil)le injury, temporary interruption of blood eurreni, eoiilrol of vessel whilo 
applying suture, accurate ajiproximation of tlie w.ills, perf«“el, hemo.stasis by 
pre.s.sure after removing clamps, careful toilet of tin* wouml. 

INVAtilNATION MKTIIol). I'Ih! invagination melhod is said to bo “up- 
])licable to all vosels of large caliber, iindmling popliteal and femoral, in which 
not more than three <piarters of an inch have been removed by injury or ox- 
eisiiui.” If jiosition of lindi can be. made to relieve tension possibly a greater 
loss than tlins'-cpiarters (d' an inch <-an be j»ermitteil without, gr.'ifting. 

MUItl’IIY'S .MHTIIOI). 'I'Ik* ste|ts of Miirphy's original invagination method 
are: 

(1) Expose by a generous ineisiou uinl is<date tlm artery from its ahcalli for 
a distance of at lea.st I 
inch alawc and 1 ineli be 
b)W injury. If collateral 
branches interfere, ligat*- 
or temporarily c 1 a m ji 
them. (2) Apj)ly serre- 
fi n o .s or rubbercovt-red, 
tlexibk^-bladed «*lamps at 
upiKT and lower ends of 
isolated portion with just 
enough prt^ssure to stop 
bleeding. (■') E x e i .s o 
crashed portion of ves.scl Fn>. l.'*.— f’emso Orr thb Awventitia, 

(up to inch), or trim 

edges with sharp s<*i8'>ors, if !aeerat»*d r»r uneven. I’ull adventitia over end of 
stumps and cut olT with .sharp heis.sors ( Fig. l.'>), ami remove all blond and clots. 

(4) Incise distal stump longitudinally a short distance with sharp knife fP'ig. 

1C). (5) Place three U-sha|)ed traetimi sutures, at erpiidistant points, through 
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Fio. 10 .—Mwkphy’h Kaiimkh Mkthok; 

ThACTION aiTTURKU lNTIt(JI)l;<;KII. 


all coats but intirna, of the proximal stump, a short distance (about inch) 
from its cut end. (0) I’hrcad the free ends of these sutures in separate needles 

and pass them from within outward, 
tlirouiYli all coats of di.stal stump about 
Vi inch from its cut edf^e at points cor¬ 
responding' to those on proximal stump 
(Fiir. II)). (7) By the aid of these as 

tractors, and, if necc.ssary, with an as- 
si.stant manipiilatin;' the stumps, the 
proximal is invafifnated into the distal end and the traction sutures tied on the 
surface of the distal stump. (H) 'I’Ik; joint is then reinforced by several inter¬ 
rupted non-peuetratin;' sutures on ouf<;r aurfac(! of 
junction of the stumps or bv a continuous siitiin! 

(hV 17). 

Murphy’s more recent techni<! incliuh's the n.so 
of a specially devised instrument, a sort of split, hol¬ 
low, open-ended (tylinder, with .^eparabh' halves, car¬ 
ried on a handle. The distal stump is eiilTcd back¬ 
ward over this, the cut end of the proximal stump 

sutured to tlio reflection and the ciilT tlxm turned forward ovc'r the. prox¬ 
imal stump and .sutured in place ( Fij'. IS). 'I'his was devised for end- 



MU\\(Vls'’uv ■ 


Kio. 17 .—Muhi'hy’h Kaklikr 
Mki'iidh; Invacjinatidm 
()o.\u'r.KTKi) MY Circular 
SUTUUK. 



Fio. 18 .—Muhi’Uy'b Ukcknt Method of Kni>-to-enu .■V.vastd.mo.bis uy Invaoi.vatios. 


to-eud arterio-venous anastomosis. .Modifications of this method have been 
propo.sed by Boujjh”, <Icnsen, O’Day and otlu'rs. 


l’.\M{’s .Mi Tiioi).- -I’avr's method of in- 
va,e:inatiou utili/i'd a luajuie.sium ring to 
maintain the lumen .si/e of tho invajiinated 
portion (Fie:. -0). lloopfner's moditication 
i)f I’ayr’s method (1) exposes and isolates tho 
artery sufticimitlv to apply clamps well be¬ 
yond the wound or the portion that must bo 
e.xcised; (2) special curved handle clamps, 
with Hat or ruhher-covered blades (Fip. 10), are then applied with only suffi¬ 
cient force to shut off the blood current; (3) the adventitia and the bruised 
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ends of tl.e iirterv ar.. next I rimmed eaicfiilh oif and llie Mood wnslaxl nwny 
wilii normal salit.e .solution; ( 1) tlie ,li>tal emi of il,,. v,is tlien eov.-reil 
witli a sjxniire damn with saline, wliilo 


tlire(‘ tine .silk sutures are inilodtn-ed at 
tlie margin of the inoximal simnp, Ij'O 
apart tlirouyli all coals and lied; t .’i) 
tli<‘ ends hehl toLO'lher aie pa^-ed 
tlironoli a thin, urooved rino of ma'.' 
ne.siiim (same si/.e as vessel), whieh is 
Iield jn a special (oreeps and slipped, 
like a ('(dhir. over tlie proximal stump; 
(,'>) Ii_v traction on the threads, (lie pio 
trudinj: end of the arlerv is everted, 
rolled iiai-k over the riii”-, tidi in plae>- 



I I*. JJ It M I I (jIt u'k KlNlJ, 


hy a tine silk circular hd:ature, tiitiu” smiLdv into tin- 
Hutiirv's lenunfx]; ( t ) three simifar traction sninres are 
stump to stretch its margin and aeiitlv draw i'.s lumen 


ofoovi*, and the traelion 
now placed in tho distal 
over the everted ciilT of 



till .Miiii- 

IFICATION OF PwllS 
MaUNEHICM f'YUN- 
DF.R FOB Dhf.ri.T 
Placed Vessels. 


the proximal slump where it is fi,.,! in phme hy a line 
silk circular liaalure, 1 his completes tlie anastoniosis, 
which hiiiias inlima to inlinia, hut sliphtiv narrows tho 
lumen. .Ie”er Inis ileviscd an imjeniou.H holder for 
I’ayrs rinjs which consideraldy simplilies t,he technic 
( 1 il.'. JI ). lie ha.s also prodiiceil a moditied riii); or 
cylinder which he recommends for n.se in uniting' deeply 

jdaceil vi-sscls ( Fiy'. i. 


METiroi) OF BTtOAn MAItfilN’AL APPO.StTIOV. With a similar end in 
View, of hrin.iiinir intima to iutima. Salomoni fKiL'. 2:i), and also Ilrian and 
.Tabonlay (Fii,'. 31 ), placed (heir sutures at a little distance from the cut eil^res 
of the ve.s.sel in .such maum-r as to evert these ed;:e« and rlraw cornparativelv 
broad intimal surfaces of Ixith stumps into fxmtaet. Salomoni used a simple 
interrupted suture, while Hriau and Jahonlay employed an interrnpte<l mat- 
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tress suture. Dorranco, using Pagensteelier No. 1 thread, on the finest needle 
that would liold it, and employing special flexible bhided forceps (Fig. 4), for 
hemostasis devised a continuous mattress suture (Fig. 25) locked at every 
third stitch and reinforced by a continuous overhand suture of the everted 
wound margins (Fig. 2f5). 



Fia. 23. —Balomoni'm OK liND-To-END Fio. 24. —lliiiAii-JAnouLW Method of 

SUTUllE. End-1'o-knd Sutukb. 


Lc8pina.sso and Fisenstnedt liave reported a mctliod of anastomosis of blood 
vessels, ba.sed on the same principle of broad marginal confrontation of intiina. 
They use chemically |)nre magnesium rings to tacilitatc; coa])tation and com¬ 
paratively coar.s(! .suture matcirial. 'I'lieso rings are ‘‘flat, washcr-like pieces of 
X metal, with a tliickne.ss of one inilliinetor, 

— . . i_—■ from one to two millimeters 

\ \( \ff II in whlth. On the wall, eight suture holes 

* <'(inidi.stantly, which have been 

countersunk, or bevelol to prevent^ cut- 
( ting of the sutures when traction is made 

-5 ^ _ in tying them. Likewise the eircurnferon- 

l ‘ tial ami luminal edges are beveled to pre¬ 

vent injury to the coats of the ve.sscls.” 

Fio. 25 .—Douuanck'm Method of ICni>- om ' ' i- i • i ii i 

To-ENi) i^uTuuE. 1 liese are apjilied in such a way that 

when the final sutures arc tied the approxi¬ 
mated ends of the vessel are practically clampc'd hetwei'n them ( Fig. 27). They 
do not state results, but conclude that this "method is superior because 1st, the 
suturing is not fine; it is (piite coarse; tin* sutures and rings are extravascu- 

lar and do not come in contact with the blood_ ^ 

stroani. The normal iiitima alone comes in con- 
tact with the blood stream at the completion of the 
operation. ^ H 

METHOD OF DIUECT MAKCHNAL APrUOXlMA- 
TION. —The method of direct marginal approxima- 

tion bv continuous through-and-through sutures of 

' 1 , , , 1 1 11 26.—Doruance’s Method. 

the vessels has hi'en very completely developed by Matthess Suture Reinforced 

Carrel and (iuthrie, who.se methods are praeticallv f^oNTiNooua Overhand So- 

the sanu'. Cmthne has rwently published a very 

full account of his twdiuie and results and the following description of Carrel’s 
technic is abbreviated from one of his recent coniuuinications. 


Fio. 26.—Doruance’s Method. • 
Mattress Suture Reinforced 
iiY CoNTiNUOua Overhand So- 
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Carrei.’s l^lETiion.— (n'lu'ml Jiiilrs.— I'o avoid oomjdioutiona of citoTioais, 
hcruorrliiifU's, and fliroiidto>i'>; ( I ) .V riuid asi'iwis i>i altsolulolv oAsoiilial; ni) 
infection not suHicicnt to- jtrovcut priniarv iiition of a wound iiniv vet cause 
throinlKisis. ('J) ]>l<H>d vi*«i>iols nuiv !h> friH-ly li:indli‘d in (lie liup'rs, but not 
with forci'jis; the latter, if U'ed, uiu>f fake* oiiU' (he outer sheath in its jjrasp, 
and when einjdoycd lor heiiuwla'is niU''( ha\e Mii<Mith jaws with earefullv 



FlO. '.’T - la HIM.SAS~K AM) I'lf) S«l \) 111 111 |SI1|..|M. \ N \i-M ►niDll III. 

lilted ftressure. (.‘5) Dryiiiir of the endothelium or the jire.si'uee of eoiifiulntod 
Wood, lihrin fernient or forei-iii lis-ue, or li»ue juices oii the interior of a VCB- 
9cl luiiy h'iid to throuiho-iis; tlierefore, (he exterual .‘•heath must, he resee-ted and 
tlid lumen of the ve.s.sels and the surroumliuir parts must he washecl with 



Fill. 2H. (U NTII.k’i' SlIlINliK (r'llITfl). 


Ringer’s solution and coated with vaselin. ft) To minimize trauma of tho 
endothelium hv the perforating sutures, the iieeilleH and suture material must 
be of the smallc.st .size, .sterilized in vasclin, and ki‘pt coated with it during tho 
suturing, f.'i) To avoid .stenosis, keep the arterial walls under lateral tension 
by traction suture.s while pulting in the continnojis stitch. 
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Instruments. —Crilo clamps (Fi«. 3) or clastic forceps (Fig. 4), for tem¬ 
porary hcinosta.sis in largo vessels, as femoral artery; small Crilo clamps or 
smooth-jawed serrofinos (Fig. 2) without ruhher covers, for small vessels, or 
narrow rubber strips held round the artery by serrefino or forceps; Gentile 



FlO. - AuTKUY IsOt.ATKU ON nt.ACK I'lKLO SlIBKT. 


syringe and Ringer’s solution for washing oiit the ves,sels (Fig. 2S) ; round, 
straight needles, Kirby No. 16, for small ve.ssels, .\<i. 12 to No. 10, can be used 
for largo vessels; they are threaded with very line silk (Fig. 1) and sterilized 
in vas(din; Gentile forceps to hold the traction sutures; a black towel to lay the 



Fio. 30.—C.AUHEi.’s Method of Kno-to-f-nd Anas¬ 
tomosis: Ai*I*LK'AT:oN t)F THE Two I’OSTKRIOB 
Uetainino Stitcubs. 


sutincs on and a black japanesc 
lield sheet to surround the wound. 

'J'r 1)1 porn ri/ If()nostn.‘>ls and 
l^rrpnrnlion. of IV.ssc/.a-.—-( 11 Ex¬ 
pose the ves.sels by a large incision 
and dis.sect them frei*. securing a 
large operating field. (2) Catch 
all bleeding points and make the 
wound as “dry" ns possible. (3) 
Cnu.se temporary hemostasis of the 
artery by clamps, forceps, or nib- 


Ikw bands placed a few centimeters 
from the site of the future anastomosis; clamping or ligating all collaterals that 
interfere. (4) Resect the sheath, and trim the ends of the vessels as may be 
necessary. (51 Tntrodiicc tin' ends of the syringe into the vessels and wash out 
the blood from them and from the operating field, and remove the fluid with dry 
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gauze and forceps. (O’) Coat tin* vr.>i.>»rl8 and .‘Jiirroiiiidliiir parts wifli warm 
vaselin. (7) ]*la<‘c (ho hlaok silk ti»d*l r«hi'i-t armiiiil tlio \ossol oiids (Fig. 2!)). 

Suture .—Flaoo and tio tlio first posttninr nfaining stitoli nn tlio |M»s(orior 
aspect of the vossols' ends noar tlio odgos. Fix tlio ond in a small fi»ro«‘pa 

and lay the long ond in tlio noodli" njMm tho hlaok tnwol to nso f<ir tlio oontinnoiis 



Flu. .'Jl. -('akuki/h MKiiiott ,\i'i‘M<'4Tois OK 1 lo t'nK’i'M* 

Antkkiuk l{t.T4iMNi. Si n< II n iii m i oi Viiiinv i lu nskummkii 

I.vm 4 I III 4S'. II. Ill 'rilAITIIIN ON Tina 
Hi I 41 M Ml .S| 1 II II I H, 


sntnro. I’laoo tho soi'und |i<islori(ir rotainiin.’ slilrh I Jf) from tho first, cut a 
convoiiii'iit longth, and fix hoili oinU in a small for.’ojis i I'iir. UO). Make a 
slight traction on hofli |io>torior stitclios and intndiico an iintorior traotion 
thread oijiiidislant from tlmm ( h'ig. dl ). 

'I'ho ends of tho artery mii.-'t come to- 
gothor without stroiiir traotion. 

('onvort the circnniforonci' of the ap 
proximatod ends into a triangle hy draw 
iiig npon the traction threads ( I'11'. -12 i, 
and unite them hy a contimioiis over 
hand stitnro ( i‘’ig. d.'!) with the original 
iioetllo and silk, hoiriuniiiL' near the fir^t 
posterior traction .sfitcli ami carr\inir it 
a’romid the vos.sol to tho same point, 
sipnx'zing nut vaselin heforc closure is Smi-hi'. Ai.mosi'('umi-i.kiku. 

completed. Only a few .stitches Iwtwocn 

traction threads are mx-ossary; throe, for c-xamplo, in an artiiry the size of a 
dog’s carotid, lake great care to ajiproximate the divided 8urfao.<‘S exactly. 
They' must not come into oontaot with the hlood stream. Carefully examine 
the line of suture and olo.s<' any gaps hy an additional stitch. 

lieeslahlishrnenl of the Ciretihifitm. I’lace eauze sjiongos on the suture lino 
and make gentle pressure while the clamp-s are removed. I^xjioet some leakage 
during the first minute, but, if some hh-eding persists when tho spinges arc 
removed, after two or three ininnte.s, complementary stitches may bo added. 
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Then wash the vessels and the wound with Ringer’s solution, and close the 
Wound without drainage. 

Otjieii Me'jhodh. —Guthrie’s technic, as recently published, differs 
somewhat from (’arrel’s in minor points. lie uses Kirby’s needles. No. 12 to 
No. 16, and “head silk,” whole for larger vessels, and untwisted for small. lie 

prefers to occlude the \'essel by narrow tapes, held 
in forceps (Kig. •’5), rtiid he rcnioves the blood from 
tho divided ends on to a gauze sponge, by gently 
stripping theiu between the fingers instead of wash¬ 
ing with a syringe, and wipes out his wound with 
a gauze sponge. After removing the blood, he ap¬ 
plies a little oil to the cut ends insti'ad of coating 
with vaselin. lie uses one posterior and two an¬ 
terior traction threads instead of the reverse, and 
lightly oils his fingers before afTixing them, lie 
places tho stitches of his continuous suture about 
'.4 nun. from tlu' cut eilges, and the same distance 
Fiu. 34.—CdUHKCT Diukction apart, and interrupts the circular suture twice by 

okNri4i>i.b iNTiiomniNd Stay tviiig it at 120" intervals to the traction thronds. 

Hutoke. I)ott<><l lino shows i . •, i i -n i t r 

incorrofit dirootioii. (oitlirie says suitable silk can be procured from 

Janies Pear.sall I'ir (’o., 71 Little Hritain, Loudon; 
noodles from Kirby, Beard and (’<)., Kavenliiirst Works, Hradford St., Bir- 
mingliain. 

Jegcr, in describing Garrers method, emphasizes a practical point illustrated 




Fia. 35. —Tyino the Stay Shtub*. 


in Figure 34. Tho vortical introduction, rather than the oblique, of tho needle 
through the vessel wall has the effect of slightly everting the cut edges of tho 
vessel segment when tho sutures are tied, ns shown iu Figure 35. Ho strongly 
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The edges of these are approximated by lateral traction on the stay suture and 
then united hy a continuous suture. This re.siilts in a widening of the lumen 
at the line of suture which, it is .saiil, slu)ws a tendency to disappear after a 
while, irurnan hair or .silk No. 00 on straight ncoille were u.sed and it is said 
that these complicated incisions and sutures aj)parently do not endanger the 

ves.sels. 'I’hey may also be used to accommodate 
an artery to a larger vein, in end-to-end suture. 

O’Day has re<a,’ntly reported a successful 
modification of I’ayr’s invagination in which 
he n.s(*d a circular ligature instead of a ring,, to 
turn hack a ciilF on the proximal segment, and 
fastc-ned the ciijf by quadrant sutures tied to the 
ligatiin*. 1I(^ tluMi iuvaginated the proximal 
into the distal stump and sutured the latter to 
the cuff by a runuiug .stitch. TTc draws the 
previously refrai-teil adventitia toward the lino 
of union iMsforc removing the temporary henift- 
statics, and, if complementary sutures arc neces¬ 
sary, he advises that they should include only 
the outer coats. 

Choice of Methods.—'1' h o invagination 
iiu'thod of i\lurph.v is obj(!ctionablc in that it 
narrows the lumen and shortens the vessel itself 
and is liable to bo folhtwed by thrombosis becaus(> it halves a raw surface in con¬ 
tact with the blood stream. With the e.\c<>ptiou of the last, Payr’s method has 
the same drawbacks and, moreover, it re(|uirea a special implement, the ring, 
which may not be at baud, and may cause* thrombosis ])^■ pri'ssurc necrosis of 
the ring on the V('s.sel wall. Hroatl marginal confrontation, whether by suture 
or metal flanges, also somewhat reduces the ve.s.sel's length. The direct inar- 



l''lo. 39. —.Ikukii’m 'I’knmion 
Hutuiik lIor.OKu. 





Fio. 40. —Dodhuwulskaja's Flap Invikiun for Wideninu Small Vessels at the Line or Union. 


ginal approximation, on the other hand, neithm* shortens the artery nor appre¬ 
ciably narrows its lumen. jMoreover, it can be done without any special equip¬ 
ment other than well-lubricated suture material and needles of requisite fine- 
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ness. Riit-alx>ve all in its favor is the t'xooIU'iun' of its pnl>lisltoil ri'siilts, as ob- 
tainod in •‘Xjx'n’nmital work. It roqniros, porliaps, a lii^lior of doxloritv 

to aeconiplisli tlian a union In iinairinafion. or with inotal llanm's; hat this 
need dolor no oin' who i.s williin; to .-pend M>nii‘ tiino in praotiidn^ its toolinio. 
JNIutas savs: "Ihe Carrol toohniqno ha.s Im-oohio tho niothiul of oloi‘ti(>n at tlio 
presont tinio.” 

Jo^or oall.s ('aritds tho ho't tisdmic- for tho 'iii'aoon skillod in ld(Hid vos- 
sel work, but points out that it is ditlionlt ainl t.akos ooiisidorahlc tinn? in tljo 
nnpraotiood hand, aItlionL:li Carrol can du a fin-nlar sntnri' in ti\o niinn((>s. 
Eurthor la* says that l’a\r’s inothod, whilo not olToriiiLr tho .-aino safoty (as 
rejrards throinhosist as Carrol'^, is far siinplor. inor(> rapid, and is ospfvially 
applioahlo in nc-cidonts. in war time-, oto. Thi-^ inothod. witli nioilitioations ns 
praotiood by him, has i:i\on y'ood ro-nlt.-. 

In rt'^ard to tho restoration ot vasoiilar ohanni'Is in ponoral, tiiithrio ladiewos 
it is salt* to say that, wlion patonoy ot Ininon i-an hi* prosorvod, it is hotter to 
rt'jiair tin* dotoot h_\ siitiiriny than to liy^ato tho \os-ol. lie aihls that, in tho 
ovont of mnoli vo'.sol wall hoim; dostro\oil. or if it has to ho roinovotl, thiMi 
prc'sor\ation hoooinos donhttnl; and one ot lour thin:;s can ho done: 

(1) i,if:ato oil both sides ot tho dotoot, 

(2) Rostoro dofool li\ a patoh. 

(3) 'rransver-o o.Noision with oironlar snlnro, 

(t) I'ransverso o.xoision with Iraii'|>l.int lo oironlar siitiiro. 

77(0 /ir\l is salt! on sooondaiw artorios. like ulnar; loss so on intornii‘dial.o 
artt'fios, like hraohial: niisalo on priniarx ailorios. like renal. 

The sermtil is nioro ooniplioatoil. ditlionlt and liable to thronihosis than t;ir- 
onlar sntnro. 

The thini is proforalih*. if it does not oaiiso too ninoh loiiKion. 

If there is too mnoh toiision, n-o tho f'nirlh /mu i iliwe. 

With a.'iepsis and earohil snlnriiiL’’ an arterial anastomosis involves no 
ffreater daimors than are enoonntorod in aii\ other I’lass of operations upon 
iniporfanf. anatomieal strnotnros; and the ilillionlties. whilo eonsiderahle, aro 
snch only as can he iwen-oino h\ palionoo and porso\eraiioe. 'I'ho invat^ination 
methods would probably he found the oa-io-t in the majority of hands; but 
thi.s is not .snllieient to jirefer them over tlio direct niar;rinal .sntnro. 'I'lio intro¬ 
duction of tlio least infeolion into the wound; any hnt tin* f.n*nth*st handling' 
of the vos.s(*ls; earol(*s.sm*ss in alhiwim: them to dry out or to Is* invatied by 
foreign ti.ssne, or tissue jnie(*s; failiin* to remove hljiod and hloorl clots; theso 
are the ean8«*s that may a<'t t<i invalidate tin* operator's efforts by indntdng 
tlirombo.sis. An ill-j)lae(*d, in.seeun*Iy tied sntnrc*, or too great tension on tho 
sutures, may permit of ,s(*(*ondary hemorrhage, though this is rare; ami a cer¬ 
tain degree of stc'nosis may he j)rodne<*d by t<si .small a ring or by a continuouB 
suture too tightly drawn. 

Carrel says of hi.s method: “If the t(*('linii|ne here deserilHid is followed, no 
complications o(*enr." .\nd his results lM*ar out this liold statement. 

U 
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Betults of Circular Suture of Arteries.—Enclianan collected from the liter¬ 
ature 29 caHcs (be-sides his own) iij) to Xov, 1, 1!J11. From an analysis of 
these eases it appears that the mortality vvas O 2/o per cent.; and complete 
recoveries with f^ood circulation of the parts StJ 1/,‘J per cent.; while the partial 
recoveries, in whicdi paiif^rcno recpiirinif amputation pave incontrovertible evi¬ 
dence of failure to ref-stablish a normal circulatory condition, were 10 per cent. 

It is not uppanmt that (dtlnn-of the two deaths was directly attributable to 
the operation. One was reimrted as due to dclirinm tremens; and the other 
patient was said to be moribnnd from hemorrhage when operated upon. A bet¬ 
tor selection of cases would p('rha|m have re.snlted in lower mortality. 

The only autopsy reported showed “artery pervious (after 5 days) with 
thrombus in j)art of its lumen.” 

Now, as to tin; recioveries, it is reasonable to suppose, if the pulse below the 
injury has been feeble or imi)er(i<!j)tible b(;forc operation and becomes stronger 
soon after the anastomosis has been ac<‘omplishc'd, that blond is reaehing the 
distal portion of the V(!sael via the anastotiiosed segment; ami, if the pulse re¬ 
mains strong without intermission, it is fair to beruive that the patency of the 
lumen has been maintaimsl. lint if the jndso does not very rapidly return after 
anastomosis, or if, having rapidly returned, it later disappears or becomes very 
much feebler, it would ajipear ]*robable that the lumen of the vessel has been 
narrowed or obliterated at the anastomotic site, and that collateral circulation 
was responsible for the healthy (‘oudition of tint part distal to it. Naturally, if 
gangrene api)ears in the part distal to the sutnn?, oae supposes a failure due to 
complete or nearly complete occlusion of the vessel operated upon, as well, 
probably, as to a serious amount of damag<‘ in the collateral vessels, such as may 
have occurred in crushing injuries. Arguing on this basis, it is not clear that 
more than 11 of the above; reported cases were successful in reestablishing and 
maintaining the circulation through the injured segment, since in only 11 is 
the pulse stated to have returned within 21 hours; and Thoma says that return 
of pulse (due to collateral circulation) below the ligatc'd main trunk of a ves¬ 
sel can occur as early ns 21 hours postoperative', in young subjects, and pro¬ 
portionately later in older jx'rsous. This would be .’If! 2/o per cent, of operative 
successes in a strict sense; but, since tln're were over SO per cent, of recoveries 
with good circulation, it is just to say that the anastomosis had perhaps served 
its purpose bv permitting a partial but suHicieut flow of blood to reach the 
distal parts during the time required for development of the collateral 
supply. 

The results of arterial circular suture in animals are more brilliant. An 
analysis of the results of Horst and Enderleii, Yamauouchi, Ward, Stich, Glass- 
tein, and Carrel, as cpioted by .leger, shows 71.2 per cent, successes in a total 
of 148 cases done by the Carrel method. 

Jeger quotes an iuterosting eompilntion by Sofoteroflf which compares the 
rolativo percentage of successes in cnd-to-cnd anastomosis of vessels by Mur¬ 
phy’s, Payr’s and Catrcl’s methods: 
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90 041808 of oml-to-oml Hiiastonio^is, Murpli,v iiii'IIuhI, jH*r 

90. I’a.vr •• 17,«5 •• 

35-2 “ “ “ - t’arrol " •• “ 

Anri imo^ knmi s A\ xmomoms 

Arforiovcnmis aiia>t<>iii<i>iH is tin- |ir<M-c<liirf of Ciiiiiiiiiir ii <aiimiiniii»‘atioii 
iM'twccn an arforv ainl a voin in 'in-li nianncr tlial tin* arlorial lil.mil is ndiiiittiMl 
to tin* vein tor flie jmrpose of (li-plin'iiiir if> i‘ontents ainl i-an-in^ reversiil of 
tJio eirenlation. 

'I'lins far, fliis priK-ediire lus-n ii-eil miK in ea>-es nf e.\|M-i'te<i or ac'tnni 
fianirrene of flie liinlis <liie t<i < I ) l«a\iiainr" ili-ea-i': (*_*) olislnietion of llio 
main arter\' fruni cinlarterilis. fIir<inilM> art<-riti>. einltnlns, nr trannia. Tlie 
in.sfrninenfs re«|uireil are llie same a-- for 'iilnre .if arteries. 'I'lu' anastomosis 
ina.v 1 m* ma'ii* eml to-end. side to ■>i.le. or einl to side. 

£nd>to-£nd Arteriovenous Anastomosis. Mi'in'il v s mktiiod. I'la* .steps in 
the invagination method an* as tollows: ( 1 ) l•.\]lo-e artei v and vi-in ; isolate 
ImiIIi and provide temporar\’ liemo-lasiv. (-J I |)i\idi‘ liotli \esselH. tlie I'ein 
•o ineli fo •*'! inch liiuli(*r tlian theaiterv. if po»ili|i'. (.!) |,i.;afe permanently 
th(! di.stal .stamp <if the artery and pro.xnnal slnni|i of vein. ( 1 ) Apply foreeps 
( Kif'. I'') around distal seutnent of vein ne;M- its i-nd ; eveit and roll haeh open 
end of vein like*, a I'lilT upon if. t .'i i Suture i*nt end of artery to relhs*ted herder 
of venous eniT liy interrupted stitehes. (ti ( I’nII relleeted vidn eniT forward 
over lino of .snttire and .stiteh its cut e.loe to miter snrfia’c* of artery. (7) Uo- 
move forceps atnl (*|o.se wound without draiiaiL’e. Murphy now uses this method 
in arterial suture also. 

CAKHKIi'.S .^tKTII0P. 'I'he pris-ediire in end to end snlnre of artery to 
vein is the .same as in his method of iinitiiiL' arti-r\ to arterv (*.\e(*i)t that the cut 
etlfre of the vein is .somewhat eicrted, so 
that it.s endotln'liiil .surface lies aaainst 
the eut cd>re of the artery ( Fifx. 11 ). 

As the vein is ustiall.v lartrer than the 
arterv, snllieient pull is e.xcrteil upon 
the threit fraction .sutures to sfretch the 
arterv iu*urer to the size of the v«*in and 

•' t 

eneh stiteli of the continuous suture 
is made larger on the vein and at a 
slif'htl.v jrreater distance from its cut e<lirc than the eorre.sponilinn stiteh on the 
artery. This has tin; etTc*et of slightly puckering tin* vein and thus rcdnc.ijs its 
hunen to eorresixmd with that of the artery, f Fij?. Iw.) 

End-to-Side Arteriovenous Anastomosis.- Fnd-tiesidi; fC'nrre] and (luthrie) 
anastomosis (for arterial or arteriovenous anastomosis) may Ik* irnide hy: 

(1) Preparing the proximal stump of the artery as for an end-to-end anas¬ 
tomosis and ligating the distal end. (‘J) Temporary hemostasis is then applied 
to the corresponding segment of the vein, after Ixjing isolated, and an ollipth*al 







Kl«* II. An* Kl<H»VKNOI'« Anah- 

Ai'PHoxiMA'tifr.v orTiiK K.Nim fC’arroI). 
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opening made into it a trifle larger than the size of the arterial lumen by lift¬ 
ing np a bit of its wall in forcf'ps and cutting it out with sharp scissors. (Fig. 
43.) (3) The blood is tlum pressed out and the edges of the opening vasclined 





Fic). 42 . — Knij-to-knii AK’rKi(niVKN<iim Anah- 
tomohih: Acriiii'ATioN <jk (Jontinuous 
SuTunio (Ciirrol). 


mrnrrh 


wmm 




11,—I'’,s'i)-To-.sii>K Anahtomdhis: Fixa- 
Tii>N SuTUUKs I.NTnc)i)iici;i> (.diirrcl). 



Fio. 43 .—Kni)-T()-hU)h Anahtomosih: Ovai. 
Oi'BMNO INTO Vkin (Ciim'l). 


Flo. •l.'i.—I'lND-To-.HioK Anawtomohih: ('om- 
I’Li-TKD (t'arrt‘1). 


and three or four traction sutures tied on the outside of the vessels arc made 
to appro.\lniate the end of the artery to the side of the vein ( Fig. 41). (4) 

Traction on these sutures triangulates or .sipiari's the junction of the ve.sscls 
and a continuous suture is made to unite their edges (Fig. 4.')L The vein 

is permanently ligated aliove the point of anastomosis, and the 
I temporary hemostats on vein and artery removed. 

They al.so descrihe a “patching” method: Tf ouo of the 
vessels is too small to handle conveniently, it may be excised 
I £ with a part of the wall of its parent trunk (Fig. Mi) and the 

\ J f latter attached to the oval opening in the other vessel (Fig. 

„ ,, 47) and united with it hv continuous suture (Fig. 48). 

iikl’s Patch- WIETING'8 METHOD. — Wieting’s method of end-to-sido 

SMAL^VraMEi', anastomosis, practically similar to Van Hook's terminolateral 

F.xci»Bn WITH uretcroureterul anastomosis, is open to the theoretical ohjec- 

tion, at least, of leaving a raw eiige in eontact with the blood 
stream. 'I ho proximal cut end of the artery is introduced 
through a slit in the aide of the vein and anchored there hv one retaining suture 
that is tied on the outside of the vein, and u continuous suture unites the cut 
edges of the vein to the outer surface of the artery. The vein is then ligated 
closely proximal to the anastomosis. 
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JKOER'S METHOD.—.Ii'm'r Im.s «h“viso<l a uu'tlu'il f<>r ond-to sido anas- 


tuinusis far .>JUj)frinr to WiotiuuV. It is 
but it iiiijilit bi* apiiliod to artcrlovoiHitis 
sinasfoiiiosi-i. 

Side-to-Side Arteriovenous Anastoiuo- 

»i»-('.VKKEES MirniOD. ( 1 ) Allor 

proper exj)o;.ure, isolatimi and lieiiu*- 
Stasi.s, btitli vi'-isels an* npeiied l<riii;i 
tiidiiiaiiv, at eorrespoinliiiL; jiuiiil'. loi- 
a <li.staiiee a little i;realer iliaii tlif di 
ameter ot tbe arterv, li\ iin'i,-iiiii wiili a 
sealj>el or exci-inii ot an ellipiieal llap 
with MM'^ors, and the a d v e n t it i a 
Iriininecl a\va_v. (Ji Trai-lion sutures 
arc llieii placed, luiitiiij.' ilic .ii'I.il and 
point.s elo.M- to llicin on ila- adj.iia nl cut 


de.scrilH'd uudc>r t»|H*ratious on veins. 





]n*n\iiii;il I'luls <t| tlirsi* npcniii^K (or 
iiinieiii-i iiinl til'd t»ii the nulsido of 



PI.KIKD. 



Tj*. ''tin !•» -iiH An \h* 

I < *\.i •■‘W I M* I I N-*n 'S Si • 

I I uh ** I u I* \nj ^4 » s I 
M S l(».IN'^ I M J I II 1*1 I iiS • 
rivi “1 •* M M III An I » ' 

uinll t I N**If .N M MMI I N- 
‘4 Kutki» III I N‘ir rii'ji 

((Viro I - 



\n Anik* 

lIlMU 1*1 N«loN Spthhk 

I on. < MSI iNi'oi H Kr- 

TM(E Nl:\IONt 4 (NiM-* 
I’l.K'iioN trarri'O. 


the ve.ssel.q. (.‘I) Wliile traction is inadi- on tlicse >.ntiires. tlie necille on the lonp 
end of tli(‘ distal one is made to p' netrale tlie oall ol the \'(‘ss«'l from without 

inoard and a continiioiiH suture is 
carried hy means of it aloiif' tlie 
adjacent inaritins of the openintis, 
on their endothelial surface, and 
afi( r jiicrciiifr the wall at tbe prox¬ 
imal end of the opr-ninv; is tiwl, 
on the oniflide of tbe vcjHjmIs, to 
tlic* proximal traction sulnro fKi^. 
!'•*). M) A third, or anterior, 
traction suture is tlien made to 
a[)[)roxiinato the distal rnarf^ins 
»if the two openin^rs in the ves¬ 
sels at their middle and tied mi their outer surface, f.^) Traction on this, and 
upon the posterior pro.xinial and distal traetiou sutures, anj^jlates and approxi- 



Fio. .'ll.— SlDe-Tr>.S«ll>K An IHTOMOHIH f' o»II>I.KTEI>, 

Showino Extha E.nd Sctcrem or (/lthrib. 
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mates the anterior niar'^ins of the wounds, which arc then united by a continua¬ 
tion of tli(5 suture, wuikiufr nj)ou the adventitial surface of tlie vessels, which has 



» 

Fia. 52. -Ukunhkim'h Anaht(im()his: 

DlVlOINd VkHHKI, KOIl l.ATKIiAL 


already Imui u.sed to unite the posterior (or 
adjacent) inarfrin.s of the ve.s.scl openings. 
•Tlii.s is tied, at its completion, to the distal 
traction .suture (Fig. 50). 

GUTHUIK’S MKTIIOD. — Guthrie’s 
metliod dilTers from Carrel’s in the follow¬ 
ing re.spccts: 

Guthrie makes the openings, in width, 
about and, in length, about 1 '/(> the 
diameter of tlu' vessel, if the entire circnla- 
tioii of one v(!.ss(!l is to he diverted through 
the ana.stomosi.s. lie places a temporary 
posterior traction l<jop midway between the 
• pro.xinial and distal traction -sutures to aid 
in appro.xiuuiting the adjacent margins 
whih; they are being united with the con¬ 
tinuous suture. This is placed on the in¬ 
ternal surface, is not tied, and is cut and 
withdrawn before the anterior traction su¬ 
ture i.H introduec'd. He ties the continuous 
suture with the anterior traction suture ns 


Anahtomohim and Kkhui.tant 
, Gapinu or Incihion. 


well as with the pro.xinial and di.stal. If 
much .‘<traiu is likely to be e.xerti'd upon the 


suture line, he reinforces it, at proximal and distal ends (Fig. 51), by a .souic- 


what coafscr single .suture. 



Km. .'in. -nisHNHEiM's Anasto¬ 
mosis: Staktino the Sctihik. 
'I'ho knot is tit'll on thi> out«ide 
ot tho vi'sst'ls. 


Kio. 54. —Dkrniiki.m's Anas- 

TOHt)SIS; I’osTERfttK KOW 

ofSutuuf.s liEi.s’o Placed. 


LESPINASSK AND KiaKVaTAKDT METHOD.—They have used oval mag- 
nosiuiu plates, similar to thdse u.so<l for end-to-end anastomosis, but the method 
is less promising than that by simple suture. 
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DERNIIEIM AM) STOM-: MKTIIOn. (^1) After .iinstvlioii aiul elamjiiii}' of 
tho vessels with Lull-ilops or ('rile elamps (nililnT ^luxl), "a («harp eutnniet 



Flu. 66. —A.n Fi>"ii m-m It.m hk >1 1 1 iu.m I'nui-i.itTi'.ii, .\ntciiiiiii‘ KuW 

III ISii I II 


knife, lielii traii>\eri^o (n llie Imiir a.\i.'< nf the ve.->Hel. 
arterv in a direi'linn ol»lii|iie In llie Imri/nnlal plain' 
BO as 1o form a .'>n'tiir nf the Inmeii wiili it< are eipial 
to about • ;( of the eirellllifereilei,. llie Klllle is 
tlinisl in with its eiittina: eiL'e up ami tnward tin' 
adjaeent vein. The overlviim' 'of the arterv is 
then di\'ided.” ( h iir, "'2.) ('J ) W a-h out all lilood 
with saline and nioisti'ii Imiieii and other siirfaees 
with liipiid vakelin. ('I| I’rotei'l the arler\ with 
va.selin-soaked ejm/c jiml muke a similar incision in 
vein ho that, if. looks toward the arterv. ( I) The 
.snturc' i.s then ( Kiu. o.‘!) started at the lower 
eiwl of the two inei.sions. tied on tlie outside of 
the ve.s.sels, and made' eontimioiis (hie. I ) hack 
to the Htartintr point, where it tinishes by txiii” 
with the tirst end ( Kij:. ’»o i. (.■>) l.i^Mte vein 
on pro.ximal side and loo.sen distal venous ehimps 
(Fit', fili). (ti) I .ooseii distal and then prox- 
itnal arterv elamps. (T) Keinforee, if msM-hsarv, 
for leakaire. 

Uernheim thinks lateral arteriovenous anasto¬ 
mosis Ix'ttor than end-to-end br-ean.se it allows some 
blood to eoiitiiiue down the arterv and does not en¬ 
tirely cut off the eirenlation if the vein lax-omcs 
oceliided by throinlsrsis. 

Choice of Methods. — If one jndL''<‘s }*y r<*sults, 
the choice of methoils is difbenlt. In the series of 


is pinnaed thnniffli the 
in whieh the vessel lii's, 



Flu. .Vi. IIkii.mikim'n Anav 
ToMosm; Him; UK (’im- 

fLKTKII, ’I'lKO AUl) CiTT. 

(’lunipN r<*niovisl. Fruxi- 
niai liKutioii of vein. 


cases collected by Halstead and V'anf'haii tho to<dinie uscid wjis HjX'eilioally 

mentioned in 17 cases: 
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No. or 

Casu 


Deaths 

Parti AL 
Recoveby 

CoHn.BTa 

Recoveby 

6 

Wieting: lateral implantution artery into vein. 


2 

1 


(larrel: end-to-mid .suture of artery into vein. 


2 

1 

5 

Invagination: end-to-end, of artery into vein. 


2 

* ' 


In JJcrnhoiiii’fl collucticjii f)f curtcrt tlu*re were 10 
wna Hpcci ficd: 


ill wliieli the tcehiiic used 


No 'or 
Cases 


SuccEssruL 

23 

Carrel: end-to-end .sutures. 

34.78% 

12 

Lateral iina.sloniosis. 

33.33% 

9 

Wieting’iS intubation. 

22.22% 

2 

End-to-end invagination. 

50.00% 


So far Beridieiiii sctenis to have had the best results of any one operator, 
but his iiiothod has not been used hy others siillieiently to judge its clHeiency in 
gonoral hands. 

Tills is an operation hy no means devoid of danger in the elgss of cases for 
which it has hceii employed. Halstead and Vaughan liave eolleetc'd 41 eases, 
with 42 operations, up to .lanuurv, 1!H1, and of tlie.-^i' 21 died, 11 after the 
primary operation, 0 after a seeomlarv amputation, and 1 after ojiening a 
secondary abscess. Three of these 21 deaths were ajipareiitly directly attrib¬ 
utable to the anastomosis operation. 

The same eau-ses of failure act here as in arterial anastomosis, thrombosis 
being hy far 4110 eomnionest. lles.se performetl throinheetomy for a thrombus 
that formed while ho was doing an arteriovenous anastomosis between the 
femoral artery and long saphenous vein. The thrombus at once reformed, 
how'over, and ho had to make his anastomosis end-to-end with the femoral vein. 
In the scries of 41 cases reported by Halstead and Vaughan there were 28 in 
which pathological tindings at amputation or autopsy were included. Among 
these were: 

Thronibiis in all vessels. 5 cases 

Throinhiis in feniornl artery iilwve niul popliteal artery be¬ 
low . 5 cases 

Tlironibus in femoral vein alone below... 5 cases 

Short circuiting by collaterals of vein. 1 cuso 

Occlusion of central enil of artery. 2 cases 


This shows thrombosis to be a fertile cause of failure. 
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Sesalti.—I b inniiy cases the iininotliato result is jhhhI, but, niort> iiiirt more, 
tlio men who have had oxjKTience with this ojKTalion an' coming to fwl that 
little jwrmancnt iK-netit can U* c.\i«rtc<l from it. 

Oppcl says that arteriovenous anastomosis is sin'ccssfnl only in cases of 
slowly progressing.isclu'inic ii,,t complicated hy thromlHtjihlehitis or 

phloiimon; and he Ixdieves that the improvement is <lue to delayed venous re¬ 
turn and suggests ligation of j)oplit<‘al vein as a palliative ini'astire (instead of 
arteriovenous aiia.-'tomosis). lle>se, also, In^lieves that Wieting's opt'raliim is 
inefficient and that the improvement folhming it is due not to n*i\stahlishmont 
of circulation, hut to stasis, which folhnvs slojipage of venous return. After 
IVg months imjirovcment, his patient canu“ to amput.ition when it was noted 
that there was no pulsation iti the femoral vein and that venous a|)}*earing hhwd 
flowed from tin* veins. 

1‘eritnow advises anastomosis of the artery with siiperlicial veins Is'cnuse. the 
latter hav(' few or no valves, on the ground that the \*jil\cs pri-vent reversal «>f 
cinuilatiou in arteriovenous anasloino'-i'-. I'liis appears fallacious. 

J’ernheiin sa_\s that he has sneces.'fully rever.-cd the circulation in all four 
limhs of a young woman, as evidenced hy cessation of gangrene of tiws and 
lingers and presence of a palpable thrill helow anastomosis: a limit andihle to 
the popliteal space, in !(•::<, .ind to wii»l. in arms; and pulsation of veins, felt, 
in lower, and seen in upper. e.\tremities. 

Ilalsleil atid \ atighan, of ( hic.igti. in a splendid paper on urteriovetions 
anastomosis, have collected operations, II for “threateiieil.'’ and .'11 for 
actual gangrene. 'I'hcy state that hs-al changes, indicating an iintnediale itn- 
provetnent. Mere noted in -•! cases, in or<ler of frci|nencv: (1) I ni-reast'd 
warmth in the aflectcd parts; {i improvenicnt in color (often the only sign 
noted); (■!) relief trom jiain; ( 1( iniprovement in .sensation; (.^ J filling of 
superficial veins; (<») jmlsatioii in vein-ol e.\tremities Isdovv site of atutHtoinosis 
(11 ca.ses); (7) retuni of the ]iart. tlircatene.l hy gangrene or the actual seat 
of gatigrene, to the normal. 

d’he case of llallance is -aid to lie the only one found where eircnlalion wits 
so far ituproved hy anastonio-is a- to control an actmilly existing gangretu! and 
bring about restoratioti of the part not actually gangrenous. In Wii-ting’s caso 
there M'a.s no sign of return of ‘•threatened" gangreru; for at least two inontliH. 
In all the remainder cjf the cases the favorable signs were of short duration. 


There were 21 deaths: d 


after jirimarv operations, 1,1 
after .s«'condary amputation, !* • 
aft«-r ojtening ahscr.'HS, 1 


a mortality of 
fiO jier cent. 


Death wa.s dirc-etly traceable to arterioveuou.s anastornosis of)cralion in 8 
cashes,—7.1 per cent. 

Their conchisions .serve very well to exhibit the dark side of the picture. 
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“There is experimental evidence to ahow that in animals the circulation through 
the large veins of the extremities may be reversed, and that it is possible for the 
normal pressure in the arterii-s to overcome the resistance of the valves in the veins. 

“Experimental and clinical evidence! show that the anastomotic opening is not 
permanent, but that grailuul obliteration by intirnal overgrowth takes place in event 
of the failure of early occlusion by a thrombus. 

“There is not sufRcieiit clinical evi<leiiee in the reported cases to show that the 
pressure of blood in the arteries in the ca.ses operatcsl upon was sufficient to force the 
valves in the veins. 

“It is also shown by the cases reported that curly occlusion of the vessels about 
the anastomotic o))ening by a thrombus was the rule, and in many the opening never 
at any time functionated. 

“In event of the arterial blood for<;ing the valves in close proximity to the anas¬ 
tomotic opening, it returns through the larger l•ommurlicating veins in many, if not 
most, instances, and does not tran.sver.se tlu' capillaries. 

“A study of traumatic! arteriovenous aneurysm shows that with a normal arterial 
pn’ssure it reciuires weeks or months for the valves in the communicating vein to be 
overcome, us is evidenced by the gradual (hwelopmcmt of varicosities and the long 
delayed pulsation in via’tis remote from the seat of tlu; aneurysm. Under these condi¬ 
tions, the arterial hlcaxl supply is maintaimsl partly through tlu! usual collateral chan¬ 
nels which are uiiolistrueted. In cases of gangrene from oblitiTating disease of the 
arteries, the collateral ve.ssels are already oceliiihsl. In such a ea.se, immediate re¬ 
versal of the circulation is imperative. This cannot be aecomj)lished at present: (a) 
beeause of the obstruction offered by tlu* vivlves; (b) because in many eases the circu¬ 
lating blood must also oven-ome the resistance offered l>y a thrombosed vein; (c) be¬ 
cause the blood returns through the ncairest <'ommunieating vein and does not reach 
the peripheral capillaries. 

“Our final conclusion is that there is but one indication for the application of 
arteriovenous atiastoinosis in surgery; i. e.. in traumatic destruction of a principal 
artery, when* end-to-end union of tlu* torn ves.sel is impossible. In such a ease, arterio¬ 
venous anastomosis might be attempted, and through it we might maintain a sufficient 
blood 8up[)ly to jireservo the integrity of the limb until uii adequate collateral circula¬ 
tion was established.” 


This is a f^loomy picture, indeed, and Cocnen adds nothiiif; cheerful to it; 
but all of the oases chosen for this prwodurc were had surgical ri.sk.s, and none 
of the operators had previously done more than -1 similar operations. 

A criticism of their nii.stakos and a brighter view of the possibilities of 
the operation arc given by Bcrnheiin. lie says “animal e.xperiinontation, and 
lots of it, is an absolute necessity to the stiri!;eon who wi.slies to do clinical work 
in tho held of vascular surgery.” In a paper on arteriovenous anastomosis 
ho collected 52 cases from tho literature, up to l!)12, not inehuling 15 of tho 
cases collected by Halstead ami Vaughan, but including 25 cases not men¬ 
tioned in their table. (If these 52 ca.ses, he calls 15 successful. Of these 
“successes,” -I re(|uircd amputation within 4 month.s. .\uother “.success” died 
of erysipelas on the fifteenth day after operation. Another had l)cen followed 
only 2 mouths. Another luul pulsation in vein not('d only for .S days. In 
another there was only improvement in the pain. Halstead and Vaughan re¬ 
port two complete recoveries in their series of 42 collected cases, or 5 per cent., 
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and 6 partial recoveries, or 14 jx>r cent. While Rornheini rojwrta 15 "suc¬ 
cesses,” or 2S j»er cent. 

It would set'in fntiii a review of flies«* •statistics that sticc<“ss nu*ans one 
thing to one opc'rator. anotlier to anotiier. One is .-alistied if the vein pulsates 
for a few nioinents, \t’liile another di'inands that tlieiv 1 h* arrest of tin* actual 
gangrene present, or a disappi-arancc of si^ns pointing to the onset of an ex- 
j)ccted gangrene, with return of tlie part to normal, lletwinm these extremes 
lie many possible* ehances for c(»ntroversy that can never Ixr scttleil until sur¬ 
geons agree upon a delinition of snci-ess in this jo-oeednre. 

A middle ground seems saft'sl as pointed out hy l.ilii'iithal, wht) makes 
no extravagant elaims. lie helie\es that there :s a tiehl tor the o|)eration in a 
certain few selected cas(‘s and that its attempt is justitied in a eonsiihirablc 
number as a palliative mea'iiia* to delay amputation or make possible amputa¬ 
tion at a lower levi-l tlnm could iitherwi-i- be <ioue. 

In a pc'rsonal I'omnninieation I.ilieiitbal slates that, he has recently (lone 
•4 cnsi'.s of liiratitui ol femoral vein (a' sUi;of.ted by ('oeiien, Hesse, and 
()p[)el) for (*xpe(‘t('il gangreiu- in ihronibo aimeilis obliterans, with absolute 
relief of pain in d eases, lb* says there is no swelling of tin; leg as a r(*sult 
of the ligation, but that, on the contrary, what swelling may bi; present is ro 
lieved. 

Aitriciti.vt. Si.criox 

Arterial soetion is tin* proeedure of incising an artery for the removal of 
a blood clot ami r(’'torinir the integrity ol its wall by suture*. 

Jlinnie, jxiintimr out tin* diirermict* bctwccti .'in l•lldloiuH lotjgc'd in an ollicr- 
wisc more or le.ss healthy artory and a thrombus formed in a segment of 
injured or di.seased wssel, wisel_\’ sa_\s in ri'uarci to the latlf’r, "removal of 
the blood clot alone is valuele-s. as another clot will lorm immediiilt*ly.” Hut, 
"when the closure of the artery is <lne to I lie lodL;mcnt of an emi»olns, it is 
logical to ojirn tin* vr*ssel bv a loimitmlinal incisiiPii after providing for t,(>in- 
porary hemostasis, extract tin? clot, wash the interior ol the ves.sel segregateil 
bv the hemostatic tapes or slips with salt solution, smear it with sterile vuso- 
lin and close the wound with sutures.” 

1‘or arterial se<*tion on vessels ol the e.xiremitles the same* instrnmentH aro 
used a.s in arterial suture, including a sharp, small, thin-bliKled s<*alpel. 

Technic of Operation. Ihe ojicration is p<*rformed as follows; (1) Tim 
arterv is cut down up«iii in the liH-atmii of the enibolns and palpated care¬ 
fully. If it i.s piil.scle.ss and feels solid it is carefully and gently isolated 
from its sheath, temporary bc-nio-stasis applied, if n(*eessary, u longitudinal 
incision made through its snperlieial surface and the embolus extracted by 
finger, or forceps (which rnu.st not toncli the intiina), or by means of milk¬ 
ing the vessel toward the wound. (2) When bbsid Hows freely from peripheral 
and central ends, temporary hemostasis is applied alsivo and below tlic seg¬ 
ment that contained the clot, the lumen washed out with warm saline or 
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Ringer’s solution, and all tlie blood washed and sponged carefully out of the 
surrounding wound. (.‘5) The interior and cut edges of the vessel are then 
moistened with Ihjuid alljnlene and tlio incision closed in the same manner 
as descrilxjd for lateral suture of arteries. ( f) The wound is then closed with¬ 
out drainage, (.'j) If the circulati<m ha.s Immmi re.stored hy the operation the 
pulse should be felt at onee in the artery or its branches below the point of 
incision. (6) Jn ease another embolus lodges, or a thrombus forms at the orig¬ 
inal site, it is perhaps better to j)<!rfonu arLu'ioveiious anastomosis at a point 
below the embolus, if this is possible, tliaii to repeat embolectomy. 

The dangers and diiliculties are no greater than in lateral arterial suture, 
but the operation is very likely to be* uiisneeessful on account of thrombus 
formation at the site of the embolus and the j)ubli,she(l results are therefore 
bad. 

Besults.—IMatas mentions 7 cases that wena* reporteil j)revions to 1908. In 
four of the.so the, eniholisni occurred in the lower e.vtriMiiity. In all 7 another 
clot promptly re-formed after removal. Lat<u- amputation liad to be per¬ 
formed in all the cases. 

The pulmonary artery has bcim sectioned for embolus 12 times fup to 
February, 1!)!;)) at 'IT(mdclcid»urg’s Clinic, 'l la'i-e were no permanent re- 
eovorie.s, but one patient lived .I days aft('r operation, dying of pneumonia. 
For such o[)erations upon th«> pulmonary art(‘rv 'rrcndclcid)urg has devised 
special ijistruments whicli are d<“scrihcd with this operation. 

I have been able, to find but few rec<‘nt cases id’ arhndal section for emboluB. 
One is reported by K(>y. 'I’wenty days aft<‘r an attack diagnosed as probable 
embolism or thrombosis of the me.sentcric artery, with recovery after palliative 
treatment, a man 4.‘5 years (dd, with mitral stenosis of several years’ duration, 
was suddenly seized with .severe pain in left {xipliteal space, coldness and loss 
of sensation in leg. Seven hours after onset opcratii>n was performed. In¬ 
cisions over dorsnm of foot and in pi>[)Iiteal space revealed empty vessels. The 
eoniiuon, deep and superlicial femoral arteri(>s were then e.xpo.sed and resist¬ 
ance was felt in the common femoral from its bifurcation 2..") cm. upward, 
which proved on incision of the artery to be an embolus completely filling its 
lumen. Ulamps were placed upon the common ami dwp femoral arteries and 
the embolus removed with a con.se<|uent hemorrhage from ccdlateral ve.s 3 el 3 
through external pudie and from the tissue incisions which had not bled 
before. The limb was elevated affi'r operation and during convalescence 
there were noted temporary paralysis of the femoral muscles and thrombosis 
of the external peroneal veiius, with stricture of the gastrocnemius muscle, 
probably caused by slight ischemic contracture, lie found three cases of 
operation for embolus in the literature, tgio success and two failures. He 
does not state whether the pulse l)eeaine or remained palpable in the post- 
tibinl artery, but his ease seems, to have been successful in avoiding 
gangrene. 

Murad Bey did an arterial section for embolus of left brachial artery, 
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removed the clot ninl did n side-to-side iiiia!*toinosis of iirt^'rv mid vein, eeiitrul 
to the point of enilKdifun. A new tliroinhns rapidlv formed. 

M0.SII1/ and Dumonf were aide to renuoe an emlKdus from the left femoral' 
arterv t> hours after its lodinneiif. throiiiili ji 1 em. ineision in the vi'ssel. 'I'ho 
eircnlation retunu'd and eontimied. 

Lejurs removetl a .soft, dark thromhiis fnim flie fi-moral arterv aflt'r pui- 
{ircno ha«I set in tollowino tiiromiH>sis. 'I'he iianiirene. liowm'er, was not 
stopped. 

1 rendclcnlniri; .snc^'sls the intravenous injeetion of hirudin to prevent 
the re-formation of thromhi in fli«> \e»el>. .I»-aer says Hodoii;: and .Jaeold 
have sliown that, in animats the injiHMion ot eonsideralde amounts of liirudin 
jiavt ri.se to no no|ieeaI>i(‘ interterene«‘ with respiration, eircnlation or f^mieral 
condition, and that the injection in tin* proportion of approximately I ni^. 
hinnlin to 0 e. e. hhuid delayed i*loi(injr for , 1 ' - hours. 

'rii.\ Nsei.\x r \ 1 ION oi- .\ It 11-nn s 

So fill*, for tin* reason that \enoiis transpltints an* s;itisfaetorv in fniu'tion- 
inj; and reipiin* no seri<iiis eireiilatory distnrhanee to priH-nre. transphinta* 
tion of artc'iies is not at pre.^ent heina' <lone in linnnin jialienls. In animal 
work, however, the fidlowinir re*>nlts an* eiieonrauimj'. 


AllllJtMl 'I It 


Him rRAMm 


,S(ich. - anto]iIa«tii' . 2 

Y.anmnourlii aiitoidtislh' . . . h 


Stich. a lioinoplji.stie 

Horst and 1‘aulerlen. I-') lioinopla.'-tie 

Yamanoiirhi. . . .a lionioidastie 


3 

7 

3 


Y'anianouchi 0 liet<Toi)l:istie 

Stieh. 7 )iet('ropla*-tir 

Ward. 1 lieteropitistie 


2 

4 

1 


n. OPERATIONS UPON VEINS 

ANATOMICAL CONSIDERATIONS 

Tn planninp or underttikiTm any ojn-rative jnvjeednre upon veinfl it must bo 
rememberod that we are dealintr with e<dlaj>'-ihle tube.**, generally larper in Bixe 
than the arteries they aeefimpany. with miieli thinner walls, and with liirnina 
larger in proportion and pnarded at intervals by valves; nor should it be for- 
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gotten that, in superficial veins, the anastomosing plexus is larger and denser 
than in arterial vessels. Aloreovcr, it should he understood that, due to the 
-very different internal pressures under which they cxi.st in the living organ¬ 
isms, veins are normally not distended ajiyw'here near to their elastic limit, 
while arteries frcciuently are so. Pesides this, their walls, although primarily 
divisible into the same number of layers as those f)f arteries, contain much less 
muscular and comparatively far more elastic and fibrous tissue. Directly de¬ 
pendent upon these structural and functional differences we find that a vein, 
emptied of blood, collapses and its lumen becomes obliterated; that it can be 
stretched, transversely and longitudinally, to a comparatively greater degree 
than an artery; that, when its wall is partially divided by a transverse (or 
more especially by a longitudinal) wound, the (slgc's of this tend to fall to¬ 
gether or, at any rate, gai)e mucb le.ss than in a similar arterial injury; and 
that, when transversedy divided completely, their stumps do not retract nearly 
to the extent of those, in a divided artmy, tior does the j)eriphery of the vessel 
contract, nor does its lumen remain j>atent. 

OPERATIONS TO CHECK BLEEDINO 

Posture.-- - Elevation of the ]iart above the level of the rest of tbo body will, 
by faeilifuting venous return, help to check oozing. 

Bandages and Compresses. Haudages ami compresses applied clo.sely to 
the bleeding point will readily check venous bleeding by pressure obliteration 
of the lumen. 

Oauze Packing. —Gauze packing inserted fairly tightly into a deep wound 
will control venous bleeding in most ca.scs by jtartial obliteration of the lumen 
and meelianieally favoring clotting. 

Digital Pressure.— Digital pressure may be u.sed in the same manner as to 
control arterial bleeding, except that it must be applied directly over the 
blcotling point or di.shil to it. 

Torsion, Forcipressure, Terminal Ligation and Ligation en Masse. —These 
methods of treatment are used in the same manner as for arterial bleeding. 

Actual Cautery. —The actual cautery at a red beat is iiscfful, at times, 
whore ligation is difiicult on account of multiple bleeding jJoints. 


OPERATIONS TO RESTORE OB BE£STABL1SH THE CIRCX7LATION 

L.VTEU-M. Lio.vtiox 

Lateral ligation is the lateral application of h ligature to close a wound in 
the wall of a vein. It i.s permissible only in small wounds of large veins where 
the resulting plication of tho wall will not considerably encroach upon the size 
of the lumen. 

The margins of the wound arc carefully grasped in a hemostat and drawn 
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gently in a lateral direction wliilc n ligature is lied around the bus** of the cone 
formed by that part of the wall .Irawn out in tlie L-rasp of (he forceps. If the 
ligature iiielndea the entire* wound ]>crij>hcr\ ainl is propt'rlc tied, tin* result is 
satisfactory, us the low blood pr(*.'<snrc in the veins will not force the li'nituTO 
off. 

Siii'i'iiK or Vkixs 

In considering the snliiro of veins certain anatoniieal points resrarding their 
structure must ho kept in mind. I he w.dl is thinner, less (>lastie and more 
flaccid than in arteries ;ind tlu*_\ an* more easil\' lorn. 'I’Ik'N' n'qnirC more, 
stitches in anastninosis than do arteries to prexent leakage and lh(*ir edg'cs 
mnst he everted. I hey are nmn* liable to thromlnis formation on aci'onnt of 
slower blood current ami h'ss liahh* on aeeomit of tin* eonslitnenev of the blood. 

It is interesting to note tin* different opinions videi'd r(*carding the rela¬ 
tive case of aecoinplishnu'iit of a vein >ntnre as compared with the same jiro- 
ceduro in arteries. .Matas says, for example: “’I'lie suture may be applied to 
veins in continuity (lateral phlehorrhaphy) in longitudinal, ohliipn* and 
transverse wounds. 'J'ho rules whieh g<iveru the teehnie of arterial suture 
apply hero with the same force and with greater advantage. The thinni'ss, 
8ofttiea.s and sujiplcness of the venous walls make them more amenalile to the 
suture than the arteries. 'I'lu! low tension (d’ the venous current also favors 
the maintenance of accurate apposition without tension and favors the work 
of repair. The suture of veins is. therefore, not onix a much easii'r |»nK'cdnre 
than the suture of arterii's, hut the he;iling of the line of suture takes )daco 
with regularity, provided sejisis has heen rigormislx excluded.’’ .leger, on the 
other hand, .says; “. . . suture of veins presents various <liilieultie,s not 
present in arterial .suture. 

“With the latt«*r, the lumen remains xvide open on account of the thick¬ 
ness of the wall; it is jdaiidy visihle exen in x-c*rx small arteries, .and one may 
aeeomjilish all the procedures (.suture, ada|ttalion of the vessel ends to each 
other, and so fortli) with the fullc.-t expo'-ure of the vi-.ssel xvall and almost 
without the use of a forceps; ami if one has tir^t properly inserted the three 
tension sutures, the margins of the ve—els automatically rest properly together 
throughout the whole circumference, (^uiti* otherwi.si* is the i-a.se with veins. 
These collap.se after lK*ing fully divide<l: the lumen is oftmi only to 1)0 dis¬ 
covered after long search; the vein mii.'.t Is* held open with instruments, so 
there is naturally much handling of the walls with fftrcep.s, and conscquoutly 
numerous lesions of the cmlothcliiim itself are unavoi<Iahle. It is indeed tnio 
that the circular suture of vcims, in the hands of many expr^rimenters, has 
afforded as good or better results than circular art<*rial suture, but this is 
founded on the greater diameter of the xcins am! pr-rhaps also on the some¬ 
what less active tendency to coagulation in the xenons blood. In order to pro¬ 
ceed quite safely, one must absolutely refrain from the abovo-nientioiio<i 
sources of failure.” 
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Lateral suture of veins is indicated, to repair, in any important vein, a 
wound too extensive for lateral lif^aturc. It is contra-indicated by any 
phlebitis, pcriplilebitis, or infection of wound. 

The operative teelihie is the same as that for similar rcipair in arteries 
except that, instead of direct apposition of cut edfics, care is taken to secure 
slight eversion of wouml margins so as to insure fairly broad intimal approxi¬ 
mation. This can be done with more certainty hv mattress suture than by 
overhand stitch, either continuous or interrupted. The object is, of course, 
to avoid the possibility of inversion of tlu* cut edges, which is much more 
likely to occur here than in arterial suture on accoimt of the thinness and 
pliability of tho vein wall. Such an inversion leads to rapid thrombus 
formation. 

Besults.—Tho results of lateral suture of veins arc e.xcellcnt. 


Vknouh Anastomosis 


Venous anastomosis, like arterial, may Ixi done end-to-end, end-to-sidc, or 
side-to-sidci, but in human beings tlu! end-to-end is tin* only metluxl that has 
been used with any frocpiency. , 

End-to-End. —The indications and contra-indications are the same (as ap¬ 
plied to veins) as those given for ('ud-to-end arterial anastomosis. 

'riie technic of a circular vctnuis suture is (>xai'tly similar to that of a 
circular suture of arteries, alrea<ly dcscrilied, (f.xccpt for the management of 
the cut margins of the v(*ius; these* should lx* somewhat everted instead of 
being brought edge to edge*, so that intimal apposition is a.ssured. 'I'o accom¬ 
plish this Jeger recommends the following proei'diire: 

Open the lumen of both .segments of veins by grasping the margins of 
each in three nio.scpiito elamiis phmed at ecpial intervals, and in.s(>rt d traction 



Fio. 67. —Vkin .\n vHTOMosi-s, KND-To-Ksn; .Application op Te.nsio.v Sutukes to Provide EvbR'> 

Bio.v OP Ci'T Edoes. 


sutures, at equal intervals, as shown in diagram (Fig. .57). These are longi¬ 
tudinal “U” sutures whose nearer linih is 3 mm., and whoso further is 4 mm., 
from tho cut edge. By first drawing tight and then tying these 3 sutures tho 
lips of tho approximated venous segments are slightly eufTed and tho usual 
continuous suture along tho three sidojs of tho triangulated lumen completes 
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the anastomosis. This lucthod avoids im-linlim:, in the 8urfjnx> tliat is to bo 
exposed to tlie blood stroain. anv jairt of llu- inliiiia that has lavn handled 
by forceps, and .lejjer sa.\s tln> rc>n!ts ai<* ali>olntclN faultless. 

Carrel, too, mentions the ina-e.ssity of «*\eitini; the edm*s of veins and 
says they arc "united n<»t hv their siirfaee »if .■.iH-tion. hut by their endothelial 
surface.” iinrphy's or Pa\rs inethoil ot inva^iination nia\', of eotirse, la; 
used; hut neither of them j)romi-.es as ^^ooi] results as have alrea<ly Ihs'h 
achieved by the ('arnd suture. 'I'he I.<‘siiinasse ami hiisenstaedt metlnal has 
not yet apparently been tried in a hnman. 

deger and .lancway have both devi.sed spe«‘ial iimtrmia'iits to facilitate the 
approximation ot venous si'^nieiits lor end to eml anastomosis. 

RESULTS, -'ria'oretieallV. it would appear that the dangers of snturina; a 
vein were more fonnididile ami the chance'' ol untoward .scijinda’ i^reater than 
in the sutures i>f artcri(‘s. In the first plac<‘ the veins are aj>parently more 
susceptible to infeetion than the arteries. In the second jilacc any foreign 
matter, as air, tissue, dirt, bacteria, etc., allowed to enter tin* vein at tln> anas¬ 
tomotic site, tra\’els toward tin* central •laniieron.-. I'ceioii instead ol fioitijj toward 
the eomparativ(dy safe peripherN', a-' it docs when introduccil into an artery. 
And, histlv, this same condition hold' eood with I'caard to possible loose por- 
tion.s of such a clot as unfortnnatt'ly forms in a certain per cent. o| cases at lln> 
ana.stoinotic site, d'hus we should espeet loiail inli'ction, thrombo anfjitis, ]»ul- 
luonarv cndiolism, ami similar unlortnnate result' ol blood vascular infection 
more often in x'eiious than in arterial sntnrc'. Smdi, however, is not, apparently 
the case. 

Statistic.s show little <litVeremc* between the perceiila;ie of sm>cessfnl results 
ill end-to-end anastourosis of veins and ol arteries. (ilasst<*in, for I’Xample, 
reckons jicr cent, successes lor <-ircnlar suture of leins, in a series of .t.J 

collected cases in humans, and per cent, successes lor circular suture of 
arteries in a similar series of .'!7 eiillectcd ca'C'. ()ne hat<'s to appear critical 
of optimism, but it would ,s(‘eui jiossiblc that lie has not too hi^h a standard 
of success, jmljriuf' his dcdnctio'ns by tbo-e of others. 

Rksults IX Vkixs or Amm\i.s. The n-siilts of rdrcniar suture of veins 
in animals a.s (juoted bv .letrer are .shown Isdow and may bo iioIimI in cotiik*c- 
tion with (ilas.steiii's statistics: 

Stich reports 2 ca.ses, 1 successful .'><» jier cent, successi's; I’.orst and 
Enderlen report 14 ca.'cs, 7 succes'fnl .''U per cent. succe.s.seH; Yamanouchi 
reports 43 cases, 2-4 successful jwr cent, siicc-es.ses. 

It is intcrcstinfr to timl tliat certain authors (daim Is'ttcr results in venom* 
than in arterial .suture. Schiller and l.oli'tein claim over 40 per cent, siiccxist* 
with arterial suture and 00 j)cr cent, with venous circular suture. 

£nd-to-Side. —The only practical ajijilii'ation of an end-to-sido venom* 
anastomosis that ha.s Ix'cn made in hniiian surgery so far is the ro-imj)lautution 
of the saphenous into the femoral vein; and the tcx-hnic of the suture opera¬ 
tion will bo found, further on, araonj; prcKredurcs designed to remove the causo 
20 
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diBturbaiJccs due to varicose veins. Tlie teclinic of Jeeer’s 
method, however, may properly be «Iotailcd here. 

The anastomosis may lx; made by suture in pvcci.scly tlic same manner as 
described under artenovenons anuatomoais, ond-to-sifle. 

Jegor recommends, aa simpler and giving aksolutc a.ssnranec of perfect 



FlO. /58.- VkIN ASAHTOMd- 

MIH, Knij-to-hiok. JcKfr'.i 
niothofl: S-loop suturo in- 
w’rUxi in liirxnr vein mid 
dotUxl lijio Biiowinx ijici- 
oion. 



I-iii. M.-—Vkis .Vnahtomosih, End-tv-side. 

iiictiiod: iiilroduciiiK .stnnll vein 

into Hllll* of lfirK‘T. 



I ayrs ring and a spoeuil .Icger clamp to manipnlafe it (Kig. 21) as follows- 
The smaller vein is aufficiontly freed, clamped and proparecl and its on^‘ 
end IS then passed tlirongh, onffcl back over and tied np.m the ring by a fine 

silk ligature. A three-loop suture is then introdnccal 
through the wall of the larger vein as .shown in Figure 
r.S and the needles are cut off, leaving a middle "'and 
two lateral loops. A small incision is then made be¬ 
tween the limbs of the 'middle loop after isolating this 
portion of the vein with a small, special curved clamp 
(b ig. (!). The clamped off portion of the vein is then 
washed and vasclined, its edges held up bv traction 
sutures and tlie smaller vein placed within its aper¬ 
ture (big. 59).. The middle loop is then carefully 
tightened and securely tied upon that part of the cuff 
of the smaller vein that contains the ring, the ligature 
fitting snugly into its furrow (Fig. GO). Lastly the 
two lateral loops arc tied and the ends of these and the, traetiim sutures cut sl’iort 

. oger has done 3 implantations of renal vein into vena cava (on animals) 
by this method with only one thrombus. animals) 

application of the lateral venous anas¬ 
tomosis in human surgery so far is the Eck fistula, done for hepatic cirrhosis 


Flo. 60 .—^Vkin Anahtomo- 
HI8, End-to-bidb. J(v<er*s 
niothod: niiialler vein in- 
trotliicod, middle loop tiwl 
on rinK and rnds cut off. 
Lateral b u t u r o b bcins 
tied. 
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by Hosenstoin. The dosoription of fho oiH>rati\o sft*ps in iH'rforininp nii Kck 
fistula operation conies properly under ojK-ratinns on llm liver, ele., but tho 
technic of the suture itself is exaeflv 


tho sniue ns that des<TilM‘il uinler 
arteriovenous aiiastomoais, sidi-fo 
side, hy suture. 

defjer has devised a three-hladed 
chiiiip, elosely reseiuhliiiir a niinia 
ture lioosevelt irastro-eiiterostoniv 
clamp (Kif,'. (! 11 by the aid of \vhi<-h 
he says he can do an Kek fistula on a 
dofi in .‘{o minutes. Its mode of appli 
cation is shown in h'ijrure »!:.> and the 
tc'chnie of the suture is otherwise the 
same as b(“fore. dc'i^er adx'isc's oval 
pieces to be e.xeised from tlu* vein 
walls iusteatl of mere slits heiim 
made, as the latter show a tendency to 
close spontaneousli. just as in the ea>e « 



til Jki.I ltl. 4 |)|'. ('l.MMI* ROH I H( il. i 11 Vt J 

Of r\M» \ wi'iitiMtr I N'l 

iM. iiu. ( iiif I t.\rtoN IN rjjK Kk:MAiNi>KSt. 
JN’CtlMlJ nf hlaiil'M. 

I arleriovenons anastomosis. 


ThANSIM, VN 1 ATIO.N OK VkINS 

The transplantation of veins, as reirards vascular sur;'ery, means tho re- 
plaeeUK'iit of a defect in aiiv vessel by a M'^mnit renioied from some other . 
vessel, jiraetieally alwa\s a \<'in and jiracti<'ally always of tin* saim! individual. 



Fio. 62 .—Vkik Anastomohi", SiDE-T«-«n>K. .JKiiKK’s Ciom' Shown Iholatino I’jiiits or tub Vbna 
Cava and Vena Pokt\ without Inteiimi itinh Cihcui.ation thmouoii Kemaindkii or Vbink. 
Eud, Diiddlc and lat<?ral truction j^iiturci* and |»oRt<Tior layer of euiiUitiioiu Kuture nhown, • 


This is called autoplastic transplantation ns ilifferentiated from homoplastic 
and heteropla.stic, and ha.s been more successfully u.scd than any other variety 
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thus far. So many successful homoplastic and heteroplastic transplantations, 
however, have been done on animals that it is possible any day may see the 
report of some such cases in human patients. Transplantation may be used 
to fill a defect caused by excisioii, cnishinj^, etc., of part of a vessel whose 
simple ligation would be dangennis to the life of the part. 

Besides simple autoplastic, Guthrie suggests other material that might be 
used to fill defects in vessels: 

(1) Similar vessels from another hnman being,—homoplastic; 

(2) Vessels from a diiFerent species, sheep, etc.—hetc'roplastic; 

(3) Gold storage tissues (not re<;onmiendeil on account of possible putre¬ 
factive autolytic change in them); 

(4) Eonnaldoliyd iixed tissue (safer than cold storage); 

^(.5) Po-ssibly, tissues not of animal origin might bo u.scd; tubes of cel- 
loidin, glass, etc.; 

(fl) Von Tlagen, (pioted by Jeger, advises calves’ arteries fixed in tho fol¬ 
lowing inaniu!!': 10 per cent, formalin .solution; water washing; increased 
alcohol strengths; absolute alcohol; xyhd till fully cleared; licpiid paraffin 
over night. vSiieb vessels showed no sign of absorption after six months. They 
wore cnenpsiilated in conneetive tissue. 

Methods.—The actual union consists of a double end-to-end suture as de¬ 
scribed under end-to-end arteriovemtiis or venous anastomosis, but several 
points are to ho mentioned that do not come iij) for di-senesion under thoso 
operations. , 

To supply a defect in femoral, popliteal, brachial, or axillary artery, a 
piece of internal saphenous vein m.ay be excised. 'Phis must be a little longer 
than tho defect to be bridged and e.ui be trimmed to suit with sharp sei.ssors. 
Before final suture at both ends it .should be between 'inch to ’) inch shorter 
than the arterial defect when artery ends are naturally retracted. If it is too 
short it will put too mneh strain on the sutures. If too long it will form a 
curve in the line of the artery when the blood is alh.wed to How through it. If 
valves exist in the removed segment of vein it should be reverscil, in its new 
position, so that the blood current may not be ohstruet(‘d by the valves. 

It is better to -in.sert the 3 tension sntures at each end of the transplant 
before beginning the continuous suture at either end. 

If tho vein is much larger than the artery .leger advises that the latter be 
cut after Dobrowolskaja's method to meet more nearly the size of the vein. 
(Fig. (53.) Guthrie and ('arrel advi.se longer .stitches in the vein than in the 
artery, all around the eircumferenee, to neeommodato its lumen to that of tho 
artery. Jeger also advised, in excising the vein for a transplant, to cut partly 
through it and apjdy a nawipiito clamp to the cut edge, cut further and repeat 
this procedure twice, so as to identify front and back or sides of thy transplant, 
by tho 3 or 4 clamps at etpial intervals, which also serve to sprea<l the lumen 
for application of tension sntures. 

Unger has small, numbered clamps, 4 of which ho attaches in this manner 
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to the upper and lower ends of the transjilant. while t'xeisinj; it, and tlioao servo 
to prevent the trunsplunt bct'oiiiiiij; twisti'ii on its lonij; axis without the o|H'ra- 
tor noticing it. Theso elaiujied portions must not eoiut' in ('onlaet with the 
blood stream when l)oth lines of suture ha\e been couipleted. 

Bootliby dcscrilx’s a nn'thod tor setting stav sutures In'lort* the vein is 
removed lor transplantation: (1 ) I he \ein is tnt'd for i* inches or more and 
is ligated at both ends, (l*) (Jrasp vein 
with snuHith foret'ps near upper liga / 

tiiro and cut very siiinll aperture. (:!) / 

Insert a suture, from without in, mar JL ^ 

the aperture and make it emerge 

through this. (1) Repeat this proeediire jr J/ 

twice at upper end and three times at lm I 

lower end of segment until slay sn- | i | A I 

lures are prepared at each end, at npial .u I 11 

distances apart. (.'>) 'riimi divide the mV | 

transphiiit heyond these sutures and, hy j 

iiieiius of tluMii, attach it to the cuds of I 1] f m fCSij 

the di'feetive vessel in its new jxisitioii. ^ 

Operative Steps.---'I'lie stejis <d’ oper- . I I 

atioii of free vein traiisplaiitation to till 
an arterial defect are: (1) Prepare J \ 

• ends of resected artery, as descrihed in 
end-to-end arterial anastomosis hy su¬ 
ture, and eovi'r tlietii with liipiid alho- 

lene. Pack the tissue won ml looselv 
. , ’ll', ii.’l ( r-I list, Aitmiy TO Matiii vr.is 

with wet ginizc .sponges after measuring am. im rnsti in istav Si leiirM. 

length of arterial defe<-t. ('Ji Exjiose 

internal .saphenous vein near saphenous openinii hy a lilsTal incision. Isolate 
it carefully and thoroughly from its hed for a snilicient, distane** and measure 
oiT on its freed portion a leiurth ' j inch greater than the arterial defect. (.T) 
.Apply distal ami then proximal temporary hemostasis heyond this jiortion and 
ligate and divide any intervening trihiitarii-s. fl | Kix and identify ends of 
transplant hy .Teger’s, T'nger’sor I'oollihy's method f previously deserilM;d) and 
excise the included segment of vein. (.''►) Wash out all blood immediately, 
cover it inside and out with liipiid albolene and protect it in moist warm 
gauze. (6) Pneover artery, reverse tran.splant, eiid-for-end fto obviate obstruct¬ 
ing blood current by valves), and lay it in the arterial defeet. (7j f'onneot each 
end to the arterial stump by thnv traetion siiliires, using care not to twist the 
vein on its long axis, and unite by eontiniioiis suture, as described in end'-to-end 
arteriovenous anastomosis ( Fig. 01). fS) Keniove temporary hemostasis, apply 
pressure and add complementary sutures ns indicated. C^) V'lose wound of 
exposure for artery and saphenous veins. 

Sesults.— The results are exemplified in the report of theso coses. 


1 1'. •i’l ('r iiist, Aitmiy TO Matiii Vr.is 
AMI I’l rriMi IN i^TAy Si.H'iirii. 
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Ooyanea, in 1906, excised popliteal aneurysm and filled defect with piece 
of vein. Successful result. 

Delbet, in 1900, filled an 8 cm. defect due to removal of aneurysm in one 
person by a transplant of artery from another individual whose limb was 
being amputated at the same time. The operation failed as the transplanted 
artery was sclerotic and the sutures tore through. The femoral artery bad 
to bo ligated, liosult: amputation. 

Lexer, in 1907, transplanted 8 cm. of vein into a defect of axillary artery, 

caused by removal of aneu¬ 
rysm. Itesnlt: death from 
delirium tremens, fifth day. 

Doyen, in 1909, in a pa¬ 
tient with edema of leg fol¬ 
lowing excision of part of 
])oplitcal vein for aneurysm, 
ini])lantcd the external jugu¬ 
lar of a sheep, end-to-side in popliteal vein, above; the obliterated area, and 
joined it cnd-to-eiul with the post(*rior tibial vein alter making a subtMitaneous 
canal for it. ihc operation resulted in eompkite Inhaling, but ho does not men¬ 
tion whether the edema was relieved. 

hndcrlen, in 1909, after resecting part of femoral artery for sarcoma, 
transplanted 15 cm. of aa2dienou3 vein from another limb. Result: smooth 
healing. 

Qoeckes, in 1912, reported the excision of a right popliteal aneurysm. 
An 8 cm. defect was filled by a 10 cm. transjilaut from left saphenous vein, set 
with valves favoring flow of bloo<l. The ojwraticm was immc<liatelv success- 
fnl. I ulsation in posterior tibial was felt strongly at once and beginning gan¬ 
grene of foot healed. After 14 days, however, the tibial pulse grew weak and 
the wound broke- down and a small fistulous tract persisted. The clinical 
result, however, was good and tho patient was able.to go freely about. He 
died «) months later from abscess of knee-joint and endarteritis of coronary 
arteries. In tho vessel, thrombi occluding it were found at both suture lines, 
on autopsy. 

Omt, in 1912, reported that he had c.xcised a right popliteal aneurysm 
leaving a defect of about 8 cm. This he fillo<l with an S cm. piece of the left 
saphenous vein, by circular suture. ITo forgot to reverse tho vein and the 
valves held the bhxid back. Tie then divide<l the vein at valve level, resected 
the valves and did a circular suture of the cut vein ends. Good pulsations 
appeared in vein and periiihoral jmrt of artery, but were not felt in posterior 
tibial or dorsalis pedis. Gangreno developed in foot in a few days; patient 
refused amputation and died in a short time. 

After excision of popliteal anenrysm. in another ease, leaving a defect of 7.5 
cm., he filled it with an 8 cm. piece of femoral vein, reversed so as to favor 
passage of blood through valves, by Carrel circular sutures. Pulse felt after 










Fio. 64.—Autkuial DKKKcrr Fili.ku iiy I>(>iiiii.f. End-to- 
KNB SUTUHB WITH VkNOUH ThaNMFI.ANT. 
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operation in dorsaliis pod is and jxiatcrior tibial arlorv. Kxwllont rosnlt, up- 
parently permanent. 

Omi rccommeiula nntoj)lastii‘ vein trun^J>lantillion in lininan Ixnnps at 
present, ns safest. 

RESULTS IN ANIMALS.- N'onons Iransplanlatioii in aninial.s allows a 
higher percentage of success tlian in man. According to llic reports of Kiselujr,^ 
Schmieden, Watts, Sticli, ^’anianoiiclii. lloi>t and iMidcrlen, as colhn-ted by 
Jeger, we find in autoplastic irans|daiitalinn Il’.s per emit, and in homo¬ 
plastic transplantation I’s.O per cent. .snccc.-.ses, wlicre the transplant was made 
into the cervical vessels of dogs. 


OPERATIONS FOR DRAINAGE OF OAVITIB8, ETO. 

The transplantation of Man.-, for pnrpo.-ics oilier than that of repairing do- 
fetds in blood v(*ssels nia\' here be mentloiic‘d, although tin* o]M'ralive dc'lails 
belong, and will be given, under regional bcadings. 

liitter h as rejiorted tin,' iisi* of tree transplanted veins and arli'ries, as eov 
ering for and eoniu'ctions for dividial tiMidons anil nerves, with soini' sneensu, 

Unger and llettinann, in I'-MU, reported the n>e of jiiiHa's of Iransplanted 
vein (fresh or cold ^toragc| to pr(“>s upon a delect in the sinus longitudinalis 
with resultant closure of wound h\ adlie-.iun of pieces of vein. 

Jeger .says that 'I'ii't/e atlenipted nnsncceshi nllv to cure a gonorrheal stric¬ 
ture by excusing a tl cm. jiortion ot the* urethra and replacing it by a ff ein. 
transplant of saphenous vein: and that llecKer attempted, with partial sneeesH, 
to construct a urethra in two caM-i of .severe hypospadias by drawing a piei’o 
of saphenous vein through a canal made by a trocar in the jM-nis; while Stet- 
tincr constructcvl a praclicalde urethra, in a case of hypospadias, out of a 
cm. piece of saplu'iions vein. 1 aiipas of ,\fhens, \ on I'.iselbeig and MhliMam 
have done similar ojierations. 

Kouottc, in 1!)07, and ('astle. in 1!M1. have reported two sucee.ssful vono- 
peritoncostomv operations. Ileiile and ISakay, I’ayr, and also Met lure used 
piec*es of saphenou.s vein (also of arti-ry) to drain ventricles of tlio brum and 
a transplant of the external jugular vein to drain the subdural space. 


OPERATIONS TO ALTER BLOOD OR CIRCULATION FOR STIMULATION OR 

MEDICATION 

IntuaVK.VO rS I x.l kction 

By this is meant (he injection of a Foliibln drug or other fluid through a 
hollow needle directly into a vein, usually of the arm. It may Ixi u.sed where 
the rapid and direct action of any .soluble curative agent, as, for example, 
injections of salvarsan in syphilis and of blood serum in anemia and hemo¬ 
philia, are required. The preparation of the solution will be descrilied under 
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the appropriate therapeutic heading, but the technic of the injection Is as 

follows: 

(1) Tlie left ann, preferably, ia bared to the shoulder and the antecubital 
region either cleansed, as in general operative field preparation, or painted with 
tr, iodin, which is washed off with alcohol after being allowed to dry. (2) 
A constricting band of rubber, gauze or muslin is placed around the middle 
of the arm sufficiently tight to obstruct the venous return and dilate the super¬ 
ficial veins. (3) The vein (median basilic usually .selected) is steadied be¬ 
tween thumb and finger of left hand and the needle, which must be very sharp 
and smooth, held like a scalpel between the thumb and fingers of the right 
hand, is thrust rapnlly and carefully through the skin into the dilated vein. 
Free bleeding through the lumen announces its entranee, whereupon the con¬ 
strictor is removed. The needle should enter the vein very obliquely .so as 
to avoid punctilring the opposite wall and must be held steady after entrance 
to avoid scratching the intinia.* ( I) 'I’lie shaft of the nec<lle is steadied in tho 
left hand; tho syringe is lield vertical, nozzle upward, in the right hand, and, 
after expelling all the air, is insertcsl carefully into the needle and the injec¬ 
tion made slowly and steadily. (.'>) The necslle is then rapidly and carefully 
withdrawn and pres.si^re made with the fingers on a gauze ])ad over the punc- 
turo for two or three niinut(‘s. A dry dressing is then strapped on in its place, 
(ti) (^arele.ss or unskillful introduction of tla^ needle may wound the opposite 
wall of vein with a resultant hematoma and no free bleeding from needle. It 
is possible to wound the brachial artery which lies beneath the median basilic, 
separated from it only by deep fascia. If the.se aceidents arc avoided and 
proper asepsis practiced, there arc no bad results. 


Intkavknous T.nkusion 

IntraveiKUis infusion is the direct introdnetion through a cannula into tho 
venous system of a consiilerable amount of solution for the jmrpose of increas¬ 
ing tho fluid contents of tho vessels and raising blood ])ressnre. 

Solutions.—So-called normal saline is most c(»mmonlv u.se<l. This is pre¬ 
pared by adding 0 to S parts of sodium chlorid to 100 of filtensl watc'r. It is 
sterilized by boiling or by steam under pressure. Other solutions that have 
been tried arc; 


Rincer’s Fi-iun: 

Potassium chlorid. 0.2 gm. 

Sodium bicurb.0.^ gm. 

Sodivim chlorid . 9.0 gm. 


Distilled water q. s. add 1 liter. 

'Steps (1), (2), and (3) of tbi.s procedurs may bs followed to obtain spscimen of 
blood for Wassermann tost, etc.; i« such ease tho oonstriotor is not removed until the re¬ 
quired amount of blood Img been obtained. 






307 


OPKRATIONS ri*OX VEINS 

Locke’s Flcid (moro sntisfacfury in i»s i-iTti-i); 


Potussiuin chlori.l. 0.10 t.* 0.20 gin. 

ScHliuin bi.-arl.. ,,.10 i., 0.20 ^m. 

Calciuin clilurid . O ^o 

. 17) Kin! 

Sodium chlorid . j»0 i., lo.o kih. 

Distilled water, 1 liter. 

KuTTNKH’.S SoLl TION ; 

Deeiiionnal snliiu' soliition. 1,000 e.e 

Oxygen gas (nppmxiniately). oo 


Hkvso solntioii.s art' .sterili/i'd in iIk' >aine.\vaN as .•.iniple saline soliitioii. 

TE.Ml’hHAl’l’HK OF FI, I III- I eniperatiire ol llnid -lionlil lie I'niiii Itl.’i*’ 
to JlJO'’ 1'., in the container, depending on the '.i/f and lengtli of tiihiiig 
tliroiigli wliicli it lia.s to llr,\v to tlie eanimla. 'I eniperainre of llnid leaving tint 
latter sliotdd lii' not over 10.“> K, 

I’HKSSUHK OF FLlUli. lle.-ervoir ol llnid >linnld lie onlv iiliont l‘J iilelies 
(I'Jtl eni.) above vein, (ireater lieiglit gne> nnneee>sar\' and even injnriuiiH 
pre.s.snr('. 

Tl.MK OF IXFFSION. - Infusion .stioidd not lii‘ oi\,.|| fjisi,(>c than 1,001) e, c. 
in 10 to ‘JO minnte.s, 

A.MOONT OF FlilMli. In adnlls .‘OMi tn I.otMi e. c. nia\ lie used or more ac¬ 
cording to pafient'.s reaction as e.xpres-cd in rise of blood pressure. 

Mneh larger ainonnfs of saline (ban of blood are tolerated. .More can bo 
given with benelit in treatment of beinnrrliage tl'an in tre-atnient of sliiK-k, 
and I.oeki'.s solution is perhaps prelerable tor jiatieiits in an ('xbansted eondi- 
tioii. Ailrenalin 1 : l.ood may be added to tbe .solution in amounts of 10 to 
JO minims or may be injected by a b\|iodermic syringe (after ('rib*) info tbo 
rubber tube near tbe cannula at tbe rati* of l<i or l.’i minims in one niimite. 

rnfnsioii lias been iiseil for acute anemia re.-nlting from operative or jiost- 
operative, traumatic, pnlmonary, gastric, intestinal, uterine, etc., beniorrliiige; 
in groat loss of body tlnid. as in .\sia(ic ebolera; tor llnsbing tbe vascular syn- 
tom, in acute poisoning, auto-inlo.xiealion, siicb as ty)iboid, diabetic ooina, 
puerperal fever, eclampsia gra\idarum. bulionic jilague, uremia, ami bliKxl 
poi.soniiig, following venesection; for resuseilation in siisjieniled animation 
(I,o<*ko’s .solution inji’cfed into carotid artery with reversal of current) ; in 
ebronio po.stopcrative anemia and for artilicial Jiutrition fhiM-ke’s ami Um- 
nandcr’s glucose saline! .solution ; or sterile isotonic sea water, plasma de Quin¬ 
ton). 

Binnie says (lltlJ): “TIk! principal indications for intravenous infu.sion 
of salt solution are .slim-k and bemorrbage. llyjiodermwly.sis and procUxtlyHi.? 
have largely taken tbe place of intravenous infu.sion.” 

Certainly saline itifu.sion.s are les.s eomiiionly usml, and bypodcrmocly- 
sis and proctoclysis are more often employed than tbey were several years 
ago. 
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Infusion is oontra-indicated, accordina; to JSiatas, “in all cases where there 
is already a dilatation with distention of the lieart and consequently general 
venous stasis.” The condition is evidenced by cyanosis of face and extremities 
and overfilling of the superficial veins. 

Instruments, etc., rcspiinid are forceps, scalpel, ligature carrier, ligatures, 
cannula, tubing and niservoir, salt solution, skin suture, dressings. 

Method.---( I ) S(!l(!(;t the ar?n least nse<l by the patient and surround it by 
a constrictcjr midway between elbow and shoulder, snificiently tight to dilate 
superficial veins. J’reparo the skin of the antccid)ital region by washing or by 
applying tr. iodin. (‘2) Select the most jn-ominent vein, usually median basilic 
or cephalic; anesthetize locally with O..") i)er cent, novocain and adrenalin, and 

incise skin and fascia over it longitudinally or 
obliquely for about 1 inch. Kxposc and isolate 
th<! v«-in by shaiq) dissection and free it sulfi- 
citmtly to pass a double, catgut ligature around it 
in an am'iirysm lu'edle. (.‘5) 'I’ic the distal liga¬ 
ture! pcrmancutly; set a loose! fi iction knot in the 
j)roximal ligature. Uut a triangular flap in the 
siiiHU'ficial surface' of the vc'in, between ligatures, 
with its aj)cx pointing distally. Occliido the 
o[)cniug by fijiger jeressure of left hand. ( 4 ) 
(Jrasp th(! <‘annnla in tlu' right band: hold it vor¬ 
tical and allow fluid to flow till all air is got rid 
<if. Tin'll grasp llu! tip of vein llap with forceps 
in the left baud and iutrodiici' the ciinnnla into 
the lumen while solution is flowing (Fig. G.'3). 
(o) 'I'ighten Hie Irietiou knot upon tho cannula 
and jilace a finger on the vein, proximal to it, to 
regulate rate, of flow. I.et it be very slow at first, 
increasing gi-adually to the rate of 1,000 e. c. in 20 minutes. Allow the fluid 
to flow until obsiirvations of the pulse, taken every minute or two, show a return 
toward normal tension. In most ea.ses less than 2.000 r. e. are ('uough to accom¬ 
plish this if it can bo done at all. (<>) Pemove the cannula, solution still flow¬ 
ing; tighten the friction knot in proximal ligature and reinforce it. Close the 
akin wound by sterile adhesive or silk sntnre, apply gauze dressing and 
bandage. 

Tho operation is a very simple one, except in fat jieople with small veins 
or when tho suiierfleial veins are empty on account of low blood pressure. In 
sxieh cases it may be difficult to timi a vein and the brachial artery .has occa¬ 
sionally been opened in the search for the median basilic vein. 

Too rapid introduction of saline may overwhelm an already weakened 

heart and do more harm than siood. Too lar«e an infusioTi mav result in 

» • 

transxidation into serous cavities. 

Any sxiporficial vein may be xiscd instead of the anteciibital. 



Fio. nCt . — Intuavunocm Im'Ii- 
sion: Canniii.a iNTiuiinrc-Ko 
INTO Vein at Klhow. 
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Slowly find carefully iiiTcu arc iiiiiliiiil>tctll\ of value iii ca!*os of 

heinorrhafio ami shock, aii<l l>a<l results, su«‘h as cnciv >uri;ci»n (H'l'asionallv mx'H, 
arc jifcucrally due to lia>tc aiul carcK'-'iic^'. lliu. cxccitf iu ur“<‘iit i'as 4 ’s, the 
results iu raisiiiu.' h!oi»l pressure ao.l rc|ila.-lm; i..xt h..,lv iluids are iio Is'tter 
than those ^roiii hypoderm(H'l\ 'is aiul pr<M‘im'K'is, \'crv much siiujdi’r uiul 
easier procedures. 


Tlr.ooo 'I'l:\\si rsi,)\ 


Ulood transfusion is the trauslereiua* <it' hlisul from tiu* cireulatiou of one 
indiviilual to that of another. It mav he acei*mpli'hed hy joiiiiiie (he vessels 
hy suture or tube (direi't tratisfusimi i or lo \s illHirawim: hhioil from one indi¬ 
vidual into a syrinmi or ves'cl ami then iiije.'liie: it into tin' other individual 
(indirect transfusion'). In thi' recent pa't tlie diri'ct method has heen more 
u.sed, hut th(' imlirect method i' eaininir L'l'oiind at pn-'ent on aeeoiint of its ease, 
simplicity, and tlu; aliility to measure the amount ot hlooi] traiisfus«-d. 

In l!) 0 !t ('rilr> wrote; " i'lie ipic'iiou as to wliat palIio!ot;i.mdition may 

he suitahlv treated hv tran'Iu'ion ol Mood Irom one Inimaii lieim; to another 
has not hi'i'ii delinitely seltied. I la- most (liat can lie said at present is that it 
is clearlv indiciited in certain <-ondition' and a' clearN conirii indicated in 
certain ollu'rs. With our prc'cnt Know ledilie author (eels that it shoiihl 
he used onlv whr'it all other reMinrccs ;it eommaml liavi’ tailed. 

Since that time transfusion h.i' luen lonm! seivieeahh* iti cases of acute 
anemia from hemorrhaee ot tranmatie, operative, or other oriein. such as 
eastric or tv]ihoid ulcer', niptiireci extra nlerine preiiii.ineies. etc. It has heen 
used with .some success to raise the lilood rc'i'lanee ol anemi<' jiatn-nts us a 
Iircliminarv to o|icration. 

It has heen used a iimiiher ot time' in periiieioiis anemia without permil- 
iicnt henctit in most i-a'Cs. In meiena m-onaioi mii it Ini' provc<l most valiiahle 
and its u.se in hemophilia in .‘M-nerai ha' hceii 'atI'lai’toiy. In illnmimitini' 
jltas and carhon mono.xnl poisianiiLr, and oih<-r' whcri' melliemoehihin is foriiu'd. 
t'rile has resu.scitatcd a niimher ot <';is<‘s h\ traii'tii'ion. -t ole r*'eomnic*nds it 
in pclhiffra. Siir'^ical shoek has hei'ii (n-afi-d salisfaetoriIv hy transfusion, 
t.'erjain toxemias (as of pn'L'nancy) seem to lie amenalile to it. 

Xnfectiou.s disi'a.'i's, .''iii’h as 'cath'l (i-ver, ami sr'ptlei'iiiias, such as Mtiiphy* 
lococcus, have Ik-cu treated, and perh;i|is impnnr-d. 

Walter has tried infusing pi-riiieious anemias with hlood of ])olycytheiriic8. 
has su^!jr'st(*d infu'in^ tvjihoid patn'iits with hhaal r>f thos<' who liaV'O 
had, and survived, an attack and ,s)iow a strong immunity. I.ilienthal sayst 
‘‘fn transfusion in tvplmid tlie <lonor .dionld always he one witli aecpiinal im¬ 
munity, to avoid replaeinir the. at lea-t partially, immune hhsid of reeipient by 
non-immnnized hlood.’’ (Personal comniuuiealion.) Tlevnn says there is 

evidence of its value in sareoma. Josrer reeominemls’it also in janmliocd 
people, before serious operation, to prevent bleeding. 
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E. H. Pool, in a personal communieatioii in regard to the iiso of transfusion 
in jaundiced patients, says: “The case to which I referred was a woman 
about 35. She had extiomc jaundice as a result of a stone in the com¬ 
mon duct. She received cah-inm lactate for some days before operation, 
but we did not give her serum l)eeause she had received considerable serum a 
few months before for a very w’vere streptoccK-cns septicemia, and I w’as afraid 
of anaphylaxis. About 48 hours after the operafion for stone in the common 
duct she began to ooze extensively until .she was ])ractically moribund. Her 
coagulation time was 15 minutes. A transfusion, using her sister as donor, 
was made with marke<l improvement, but aft(?r threr* days the oozing recurred 
and the patient again got into extremely bad eoiiditioii, so that a transfusion 
was again perfoj’ined and the coagulation time dro])j)ed from 15 to 0 minutes; 
the oozing stopped uJid the patient ma<le an uneventful recovery from that 
time. 

“I am inclined to think that this is the first ease in which transfusion has 
been performed for postoperative oozing in janmlict'd patients. The drop in 
the coagulation time from 15 minutes to tJ was striking. 

“Subs(!(juently, a i)aticnt, an old man with a stom^ in the common duct, was 
markc<lly jaundiced and 1 did a preliminary transfusion and operated im¬ 
mediately afterward. lie had no postoperative oozing.” 

Jeger says it is absolutely contra-indicate<l in the j)resenco of organic heart 
disease, because the heart is not cipial to any smbbrnly increas(>d work, and 
Dorrance and (linslxM-g say that it is contra-indicaited in any case where 
hemolysis is taking place, as in purpura hemophilia. 

For direct transfusion from artery to vein the radial artery of donor and 
one of the superficial veins at the (dhow of the recipient are generally em¬ 
ployed. Occasionally the internal sajdienous, or some other superficial vein, 
may have to bo employed on account of infection, etc., at elbow. Either left 
or right side may be chosen according as donor is right or left-handed. 

The instruments reipured for any direct transfusion are the usual dis.scct- 
ing outfit of scalixd, dissecting forceps, scissors, artery forceps, serrefines, 
catgut, and silk ligatures ami sutun's. SjK'cial appliances, smdi as Crilc’s 
canntila, Brower’s tubes, etc., will be dc.scribed in connection with the descrip¬ 
tion of their method and use. 

Whatever method of transfusion is emj)loyed, however, there are certain 
common details that should be observed preliminary to and during the opera¬ 
tion. The.so wo may now consider under the term 

General Management of Transfusion. —In every ease where time is allowed 
and facilities arc at hand several bhKxl pressure determinations should be 
taken and several pulse rate estimations made. .\ complete rod blood cell 
count and white bhn)d cell count and hemoglobin estimation should be secured 
on both donor and recipient before transfusion is begun; the last to serve as a 
basis for comparison with similar cxamiiintions after the operation is over and 
during the after care. The two former are to serve as standards for compari- 
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son with similar obsorvatidiis mndt' diiriiii; tlu* jirnirnw of transfusion, obser¬ 
vations upon which, in part, the operator ha>es his ju<la:nient as to the projMjr 
duration (or amount of ld(u>d (ransl’u^ed i for the tiaii>-fnsion tUnv. 

Hemolysis and aii^diitination of donor's and reeipient's hhuul should 

also he made, if possilileImt the iieri-s-iarv onii.-.-ioii of aiiv ol th(*se prelimi¬ 
naries anti preeaiitiinis does not ei>iitr:i iiitli.-ale lhi> operation hv any means. 
(Uornheim.) l.ilitaitlial tliinks heiiiol\vi,, ;iii>l air.Lrlutinatitin tests inijM'rativc. 

A careful eNaniinaf itni "i tlu* thtnor sliould he madi* to tlisft>\'er any si^is 
of disease that mii’lit niakt' tin* um- ot In'- lilood danuerons for iht' reeijuent. 
Xhis examination on^lit, it possilile. to iindiidi' seriini n*aetions fi>r syphilis 
and gonorrhea, unless tlie donor is known to he free from any snsjiieion of 
venereal disease. 

Kach patient sliouhl lit* ci'eii *,., to ' j gram of iiiorpliiii (unless etuitra- 
indicated) <10 miinitcs ht'fore operation, ami shi'iili! he reassurtal as to pain, 


danger, etc. 

During the transfiisioii 1’lernheiin rts-oinniends coni udling tlu? inf1i>w of 
blood by finger pressure on llie vein throiiuhoiil the whole optwalion, and, if 
assistants are at hand, taking oliMTvatioii- ot pnl^e rate ami blood pr(*ssnre of 
recipient every tl ininntes: ot doimr. e\ei\ ."> niiiniles. His rontim* is to at¬ 
tempt to bring a iinlse of sax i:<<> -t f." -I-omi to al.oiit 100 and to riiiso a 
blood pre.ssnre of r.O or To up to lid or l:.'d. lienres well within the zono of 
safety.” Hut he warns against the danuer of rai-ing too nineh )hi> blood pre»- 
suro'of a patient siitTering from the ivsiilts .d' inlennil heiiiorrlmg»‘, ns from 
typhoid ulcers, lie adds that it is most ditli.mll to jmlge at all exactly of tho 
aniouut of blood traimfused. imt that the pnl-e ami hloo.l pressure observa¬ 
tions, the knowledm- -aineil lo the lingers ami ll.ninl. ginmling the eiitraneo to 
tho vein, tho general apiaarame of th- ncipi. n1. ami tin- aetnal tune tint hl<K)d 
has l)ccn flowing, all .serve as gui.h- l-i tlu- pn.p. r tiiim to .-imI the transfusion. 
He estimates the duration of actual H-w to av. raec in most transfusions 20 tO 
40 minute.s; the range being :! M nun,it,-, to 1 hour or 1 'lumrs according 
to the size of the re.-ipient. lie sa.xs .hmor's indications for cm t.ig trans¬ 
fusion arc a “.sudden fall of -o to ;:() points in blood pressnr.*, or, hieking ap¬ 
paratus for blood pre.s.sure detenninafion, smhicn jialhir, aecoinpumed by 
nausea and vomiting, eonlinnml and im-n-asing thirst, gn-at n-sllessness, to¬ 
gether with a decrease in hi'"'-! j>r,-.s.-.iu.< as shown by the finger of the operator, 

in tho donor’s radial.” , i i i 

Sevan recommends having sm-h opi-rating-tahles that the 1 rcndelenburg 

position may be used for lli.< donor and the reverse Trendelenburg for tho 
recipient in order to lietter manage a po.ssilih? anemia .»f tho donor or a cardiac 


dilatation of the rer-iiiient. f ■ a i 

Jeger too insists upon the gradual iH-ginning of the transfusion flow ami 

warns one to’stop if any .sign of canliac dilatation appears in the recipient, 
and wait 10 minutes Ix'fore eontimiiiig tho flow. Ksfiecially in little children, 
he sajs, are symptoms of cardiac wcaknc-ss carefully to Ixj watched for. 
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Lilionthal, who has had a wide experience in transfusion operations, does 
not think it necessary to slow the ilow with the finf^ors as Bernhciin docs. He 
watches tho recipient carefully for siji^is of dilated heart, and uses, as signs 
for stopping transfi|sion, dyspnea, cyanosis, rapid irregular pulse of recipient, 
and faintness of donor. lie prefers the heinoglohin estimations as an indi¬ 
cation of how much blood to transfuse, and has i^stimaticms taken every 3 to 5 
minutes on recipient during the flow, and endeavors to raise; the percentage to 
somowhero near double its original jeoint. lie does not think it safe to more 
than double it, and he has doubled it in 19 minutes in one case (personal com¬ 
munication). 

In speaking of the donor, (!rilo says: “The best way of deten’ininiug when 
to stop the flow is by watediing his (donor’s) symptoms. At first ho will show 
loss of color in liis mucous mend)ran(;, jeallor of the skin, slight uneasiness, 
slight quickening of }»ulso and respiration, lowejring of hlootl tensicju, and be¬ 
ginning shrinkage in the skin of the face. All of tho symptoms arc progres¬ 
sive, and as soon as they are well marked the Ilow should he stopped. Often 
tho condition of tho recijiient will luicessitate this long before the donor shows^ 
symptoms at all.” (’oncerning the reeipieut, (’rile says that t(X) rapid a 
flow may ho prevented by j)artially narrowing tho lumen of the artery by 
gentle finger pressure, shutting olf the flow altogether, if necessary, for short 
intervals, to give tin; lu'art a elianee to assume the achled burden gradually. 
Orilo mentions the })ossihility of infecting the donor in transfusions performed 
for infectious discaisos, ns typhoid, and a<lvises seh'cting immune donors. Ho 
thinks there is little risk in cases of chronic, infe<-tion like tnhereulosis, or from 
an old septicemia or mixed infection. So far as tin; nsdpiemt is concerned, 
Crilo says the chief danger is cardiac ililatation. Fortunately a certain amount 
of dilatation may occur and ])ass rajiidly away, as shown by his series of cases. 

Ho mentions that preliminary hhvding may he advisable in certain cases. 
Not in shock or acute hemorrhage, of course, and rarely in subacute hemor¬ 
rhage; but in all other cases either preliminary bleeding is required or less 
blood must bo transfused; for blood is retained in the vascular svstem where 
salino infusion, for example, passes rapidly out of it. Bleeding and trans¬ 
fusion may bo practiced synchronously in feeble patients with -marked reduc¬ 
tion of red corpuscles. 

(Irilc says: “When acuto dilatation lias once occurred it must be promptly 
recognized. I'ransfusion must bo stopped, table tilted to put jtatient in head 
up position, and rhythmic pressure made over heart.” If recovery is not 
complete in a short time tho transfusion should be given up, patient put to 
bed in “head up” posture, given carefully graded doses of nitroglycerin to 
insure peripheral dilatation of vessels, and digitalin hypodermically in very 
small doses to stimulate heart muscles directly. Small do.scs of morphin also 
are advised. 

Crile gives na very definite rule as to how much blood should be given the 
recipient. “Enough blood must be transfused to accomplish as much good as 
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possible, and j'et too inucli must unt 1 h‘ iri'en. SnuH-finu's in (-iisos wlioro the 
patient docs not giiffcr from tin' loss of a hirm* amoimt of liKiod jt scmmiis to lx* 
as advantaficons to trausfust' a small as a iariri* amoimt. TIm’ svmjitoms of tbo 
recipient }jive the best kc'v to tin* siluaiion." 

AMOUNT OK ULOOU TO Hi; TIt.vNSKT'SKI'. In i-liildrcn a small amount 
only is Tieedc'd in most (“a-cs. ('.iol« \ ami Vanchaii report a rei'overv from 

inelena neonatorum aft<-r the tr.inshmion of .mh ’o ,if blood. On the 

other band, Peek has transfused an amount of M.ki.I. in the eas<* of an inliilt, 
eatiinatcd at 2,(H)0 e. c. In Lteneral it wniild a|i|ie,n' that. I.nod e. e. is enouf{;li 
for most adults, ami children re<|uiie l•^l^l•es[l..ndin^ly less. 

Tbo amoimt of blood )>ass«‘d m.iy Is* mea'ina-d ; 

(a) I>v libH'dinir donors \(‘s-el intn a Ic'l Inlie f.tr .'id seeomls and miilliply- 
ing the resulting amount by t\vie<‘ the number of minutes the transfusion ilow 
lasts (liirect metlKull. Ibis is inaeeui-al<‘ "U a<-i-ount of \ariation in ])nlao 
rate and blood pressnn' and lumen ol ve—els. 

(b) T’v reeeit'ing blood into a ro-eptaele (.s\nnL'e. |iipetle) \vbieb nceuratoly 
mea.sures it (iudin’ct metlio.ll. 

Methods of Direct Transfusion.— .MtTj.itv to vi:i\ MKTlind. ('ini.K’s (’an- 
Nri..v.— (’file’s eannitla i.s om* oi the e.irlier and belter known iiistnimenl.s for 
facilitatitig transfusion. 1( is on the principle of Payr's rimr. lull furuislied 
with a bamlle, wbieb may be ara.sped b% ;i liemo~lat ( I'itr. b<i). His deseri])- 
tion of the technic follows: 


“Experience bn« sliowii tliat it is best 1<> u-e ;i r:i<1i:d ari.r.v of the ilonor nud any 
fiuperfieial arm vi'iii oj* the reei|iieut m'.ar tlie tllifov I -ii.ilb’ ihe iue<]i.’m basiiie vein 
i.s the lie.st on aeeoimt of its si/e aiul e-.i^ily a' 
ee.ssilile position. I.oeal !ine~llie'!a m olil.ina.l 
by iuji’etim; eneaiii in 1 '10 of I per -e|ii 

tion with a fi’W drops of 1 to l.oou a<ir< nabn 
St'veral liyiioderiuie syrinces 'lioiilil be re uK. 
that tli(‘Te should be no d' lav on .'Hinimi el |].i\ 
iup to stop and n-fill a single eiii-. I be iiije.- 
tions are first made into llie skin and tln ii uein 
dcejily around the vessel'. ,\lter llii'. linn nr*' 
sure is niiplied by (be Iiaml mer ;i caii/e 'iM.iice 
to insure sprendin<r the eoe.aiii tbroiiirb the tis¬ 
sues. When earefully iierformed. (lu re i' al so- , • . • * 

lutely no pain in any part of the teelmiipie miii! the sutures .in p .hk m u s in n 
the end of the transfusion. Hy then (be rffeel of the eoeain has usually worn away. 

“In makini? the dissection. It is neras,sary to have pood 1 nr). t. M.'^'l'd «. hemostntH 
arc used to eateh erer>- ve.'sel that s)asls r-ve,, a dmi* of Idood. Tim (u ld slioiild be 
kept nliFobltelv elean. The .loimKs radial artery is molat.-d for a dislanee of about 
.1 cm. ftt the point of injeetio.i in the wrist. Here there are a number of snle brnnehes 
which must be earefully i.sr.lated and ti.sl with No. 1 ( hmese twist silk fwlueh ha» 
not been split up into strands) before beinp ent. The artery is then tied at its distal 
end and a ‘Crile’ damp is pently serewid in place over’tlie proximal part as near 
' Other operators, Bornheim and Lilienthal, warn apainst the use of adrenalin ehlorid 
■olntion. 
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to the place where it comes out of the undissected tissue as convenient. The clamp 
should bo screwed up with f^reat cure. 

“Just enough pressure sliould be usetl to control the flow of blood without causing 
injury to the vessel wall. The art<;ry is severed with sharp scissors a short distance 
from where it is tied off, the end cut squarely across, the adventitia pulled down and 
cut off. The result should he that the operator has about two and a half cm. exposed 
radial artery free from branches. The next step is the dissc<;tion of the vein. It is 
exposed for the same distance as the artery, the branches tied off in the same way, 
and the ligature is also applied to tho distal end. The second ‘Crile’ clamp is applied 




Fio. 07. CniLR’s Mkthod or Ana-stomosih for Transfusion with Cannula. 


just as before, the vein cut near the ligature aiul it, in turn, is ready for the comple* 
tion of the anastomosis. After selection of a cannula of suitable si 7 .c (as large a 
size should be uswl as po.ssible without injuring the intima of the artery by stretch¬ 
ing it too much), the end of the vein is either pushed through the handle end of the 
cannula with the helj) of fine-pointed forceps, or pulled through hy means of a single 
fine suture inserted in its edge, the neeille lieing left on the suture and passed through 
the cannula ahead of the vein. The handle of the eanuula is then tightly seized by 
a pair of hemostats, three mosquito forceps arc snapped at equidistant points on tho 
end of the vein, taking care not to have the tips extend up into tho lumen more than 
is necessary to got a firm hold. The end of the vein is then cuffed back over the 
cannula by gentle traction on the heinostat and tictl firmly in place with a fine linen 
thread in tho groove nearest the handle. Tho cuffed part is then covered with sterile 
vaseline, being careful not to get any in the open end. I’hc three hemostats are then 
applied to the edges of the arterj-, just ns with the vein; (it may bt; necessary to 
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dilate the end very gently by inserting the elos»>I jaws of a mosquito hcmoatat cov- 
ered with vaseline nnd openiiiK them very gently for a short ilisljimv) and the artery 
is gently drawn over the eiitTi>d veiii on the ennnnia anil tiisl in pluw> with another 
fine linen suture in the remaining gnH>ve. All tin* luniostats are n>movi>d. The 
venous and then the arterial elamps are renioMsI and the blood allowed to fiow. The 
exposed vessels should be kei>t moist with warm saline.” (h'ig. (iT.) 

Elsberg's objtHdiona to ('rile's eanniila are; 

“Some expcTieiice is required Udore tin* (’rile inslniiiieiit ran l>o hniullcil 
with ease. 

“Th© caliber of the eulTed ve.s.s»‘l is decreased by the eannula. 

“Sometimes there is ditiieulty in t«d«-M'iijiing the artery over tlie vein. 

“The steps of the operation with ('rile's eaiinnla are nnmerons and the ap¬ 
plication of the gniile sntnre and t\iug of ligatures emnplieate.s the op(*ration. ’ 

With the cxeejition perlnqis of flu* last, tlu-se ohjisMions ajqdy also to 
Buerger’s, Bernhoim's, and Ilephnrn'.s modilie.-itinii of (’rile's instrument. 

Ei>sbkk(i’s (’.vNXft.A.- Mlsherg's eannnia seems, hy geiuTal consent, to bo 
the most satisfaetorv instrnnient yet di’vised for the dirc'et nu'lhoil of trans¬ 
fusion. Ilia own d<*seription of it and of the tcehnie of transfusion follows 1 

“The ennnnia is Iniilt on the prineiiile of a monkey wreneh. iind enn Is* enlnrg«l 
or narrowed to an.v size de-ired h.v iiieaiii' of a screw at its end. (I'ig. The 

smalli'st lumen ohtaimilde is ahoiit equal to that of the sniaDc'-t ( rde eannula, and the 
largest, greater than the lumi'n of any radial artery. The instrument is eone-shapi'd 
at its tip. a short dislanee 
from which is a ridgi' with 
four sm.ill pin points, which 
arc directed backward. 'I he 
linnen of the ennnnia at its 
base is Inrgc'r than at tlu' tip. 

Tho ronstrnetioM of the I’aii- 
nula can easily he nmlerslood 
from tho following dcMTip- 
tion of the method of iising it. 

The radial artery of the donor i Ki>i.».no s (■anni.'i.a. 

is exposed nnd isolated in the 

usual manner. The eanmila. .screwed wide oi.eii, is then slipped under and around the 
vessel. It is then sereweil shat until the two halv.-s of the instrument slightly «»m- 

press the vessel. , • / l i 

“The artery is then ti<><i off about one centimeter from the tip of the cannula. 

Before the vessel is divided, three small eye t. naeiihi are passed through the wall of 
the artery at three points of its eireiimferenee, a few millimeters from the ligature. 
Small mosquito forceps may nl.-«i be iis.il. These are given U> an assistant, who make* 
traction on them while the operator cuts the vessel near the ligature. The moment 
the artery is cut, the stump is piilb'il back over the eannula by means of the tenacula 
or forceps, and is held in place without ligation hy the small pin points. There is 
no bleeding from the arteiy even though no hemostnt clamps have been used, be¬ 
cause the cannula it.self acts a.s a hemostatic elainp. The vein of the recipient is then 
exposed (but not freed), two ligatures are passed around it; one is tied peripherally 
in the usual manner. A small transverse slit is then made in the vein; the cannula 
21 
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with the cuffed artery inserted into the vein; a ligature tied around the vein and 
cann)ila; the cannula screwed open, and the blood allowed to flow. The rapidity of 
the flow can be varied as much as desired by the size to which the instrument is 
screwed or unscrewed, and the lumen of the artery is never diminished. 

“It will be noticed that the artery is cuffed instead of the vein. This method I 
believe to bo more correct. The vein is the larger vessel and can therefore be more 
easily telescoped over the artciy. The vein is only exposed, not freed, and the artery 
is intubated into it. With this cannula 1 have been able to make the anastomosis 
in less-than four minutes after the artery has been isolated and have found the entire 
procedure a simple one. The advantages of the instrument are the following: (1) 
The cannula will ut any vessel; (2) the cannula is applied around the vessel instead 
of the vessel being drawn through the cannula; (.‘3) no ligature of the cuffed vessel 
is required; (4) the cannula itself acts as a hemostatic clamp; (.5) the cuflSng of the 
artery is easily accomplished without stripping back the adventitia, and therefore 
the traumatism to the artery wall is reduced to a minimum; (0) the vein needs only 
be exposed, not dissected out and cut; (7) as the cannula is unscrewed, the blood wilh 
flow; the flow can bo regulated at will, and tho lumen of the artery is not diminished.” 

Lilienthal and also Elsber;' now profor the direct vein-to-vein over the 
artery-to-voin method, and recommend Elsberg’s cannula as being the best 
moans for accomplishing tho anastomosis. * 

Bebnheim’s Tube. —One of tho most recently devised appliances for tho 
direct artery-to-vcin method is the transfusion tube of Bernhcim. 

“It is a two-pieced af¬ 
fair (Fig. 00) consisting 
of two hollow tubes, each 
4 cm. long, and each 
Fio. 69. —Bohniieim's 2-piecb Tkanbkumion Tuuk. bulbous at one Olid in or¬ 

der to form a neck for a 

retaining tie, and beveled to facilitate entrance into the vessel; tho other ends 
are tubular and fitted for invagination.” 

He says that it is especially useful in transfusing infants where smallness 
of the parts makes actual union of vessels with (b-ilo or Elsbcrg caunulfc diffi¬ 
cult; and in emergencies where speed is desirable the separate halves of the 
tube can bo inserted in the two patients at once by separate operators. This 
is his very excellent description of its use: 

“The radial artery is dissected out ns follows, novocain (0.5 per cent.) being the 
^anesthetic of choice; (1) Expose the artery with its accompanying veins (just above 
the wrist joint) for a distance of about two inches; (2) free the artery from the 
veins and tie off all branches doubly with fine silk, cutting between the ties; (3) tie 
off the artery doubly at the distal end of the wound and cut between ties, thus allow¬ 
ing about one and one-half inches of tho vessel to be free in tho wound; (4) tie«off 
all bleeding points in the wound, and keep n constant stream of warm salt solution 
‘flowing, over the artery, all sponging lieing done with gauze moistened in the same 
solution; (6) place a buli-dog clamp on the vessel at the proximal end of the wound. 
A small cut is now made in the upper side of the artery with a pair of fine scissors, 
the opening being made at right angles to tho course of the vessel and about half its 
width. Next, every visible trace of blood is immediately washed out in warm salt 
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“.v »>;d Iwiid va.cl„>,. Ih.. l„lt,T i,„., ,1,0 ,ko o,«ol 
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the tube, and the whole tiling' wn.i,n, salt >,.liiii„n 



Flo. 70.— Dkh.mikim'h .Mt.Tiitm or 
TnANWFrMio.s; .Mai.k IIai.k or 
ThBETiEDINTO IIaUIAL AllTb.llT. 



Flo 71 IImimikim’a Mkiiioii or 
Thaskh aion: Fkmai.k Half of 
I i'itK 'I'lfcD INTO Vkin or Kecif* 

IBNT. 


tion of n similar prep.iralion of llie vein of the reeipieiit (7) It is hardly neoeiuiary 
to diSiScet out more than oiu- iiieh of the vein. and. a« this is always fpiile siiperfidal, 
the time required for the whole proeedure of dis^eetion, eleansini; and insertion of 
the female half of the tuhe (Fi^. 71) amount t<i luinlly more than five miniitm. 

(8) When both patients have been preparetl, their stntehers are liroUKht into apposi¬ 
tion and the two arms are plaeed on a table about One fiKit broad. With a little 
manipulation the wrist of the fionor is brou»rht into siieh proximity to the elbow of 
the recipient that the tubes can be invaifinatisl to the proper de^rree. (Fin. 72.) 

(9) WTien this is neefimplishfvl, a sten<ly .stnaini of warm, saline solution is started 

flowing over the artery, tuhe and vein, aii.l the hull-dog clamp is removoil from the 
vein, its place being takf'u by the thumb and first finger of the operator. With great 
care the clamp ctmtrolling the arterial flow is now gradually releascfl, eoinddcntly 
with which the thumb and finger controlling the vein gradually ease up, thus permit¬ 
ting the blood to go over gradually, so as to prevent any possibility of swamping or 
embarrassing the circulation of the recipient by a sudden gush of blood under neat 
pressure” ” 
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If clotting occurs, he removes both tubes, washes out the vessels with 
saline and liquid vasclin, and inserts a new set of tubes, the flow being started 
in the usual manner. When the transfusion is finished the tubes are re¬ 
moved, the vessel ligated, and the wound sutured. 

(Jahrkl’s Siitukk.— Carrel’s suture was 

t Mj used by (Vile before he devised his own can- 

nula, and has been u.sed by many other oper- 
ators with satisfaction. The technic of 
\ the suture itself has been described under 

\ V end-to-cud arteriovenous anastotnosis by su- 

reported a series of transfusions 
w ^ (’arrcl .suture. Lilienthal (per- 

i'' m coniniiinieation) says he has used the 

' (i it / to-vein transfusions. lie dissects out about 

li , ‘ 7/3 inches of the donor’s vein at the elbow, 

I li leaving a certain amount of superficial fascia 

fj around it to allow of ea.sy handling, and after 

1 *, / freeing about one inch of the recipient’s vein 

I •! (usually basilic or cephalic, at the elbow) 

*'l. anastomoses them 

^ *•' WT 1 method of (’arrcl. 

W i Jegcr says that the Carrel method is used 

I by Endcrlcn, llocrckcn, and Tnttier. Ilors- 

Fio. 72. — Bernheim’h Method of ley also uses sutiirc, but of mattrcss tvpc in- 

TrANBFUBION: TuDBB InVAOINATED ... 1 1 r tirri 

AMD Anabtomobib Complete. stead of overhand. Jeger continues: “The 

use of the direct vcs.scl suture in blood trans¬ 
fusion has, however, the disadvantage of being exceeding difficult. Tii.^fier in¬ 
forms us that Carrel in his case (at Tufficr’s (fiinic') completed the vessel suture 
in five minutes, but, in the hands of most other surgeons, this operation would 
require a very great deal more time.” 

Bbewee’s Tuues.—B rewer’s tubes arc of glass, lined with paraffin, about 



Fill. 73.—Brewer’s Transfubion Tube. 


3/18 of an inch in diameter at larger end, tapering to % inch, and slightly 
flared at both ends. They are nliout inches long and have a double bend 
(Fig. 73). The artery and vein are exposed in the usual manner, and the 
smaller end of the tube is slipped into the artery, the larger into the vein, and 
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tied in with ligature. The flared cuds of the tul)o ke(‘p the vciwels from slip¬ 
ping off. The objection to these tidn^s. ns s<tiifed l.v lin^wer, is that the hunen 
is too small to allow of .siiflieieiit (low. I his olins-tion has apparently bevu 
obviated in the niodilieation brought .mf In- I'anntlerov. 

Several yo;irs ago Dorranee and Cin.-lnTg a.lvi.sisl direct vein-t.v-veiii 
transfusion; and later Fauntlenn- reptuted the use of 
the Brewer tube in dins*t vi>in-to-vein transfusion. 

The method would seem an excellent cmcrgcncv 
measure where special eannuhe were unohlainahle. 

VEIN-TO VKI.V MKTIIOI),- Flare tin- ends of a 
piece of thiu glass tubing iinch inside diameter bv 
heating them and jnishing a pointed wire nail into 
tlio lumen while hot ( Fig. 7 t). Heat tin- tube nuain 
and bend into an S- or r-sha])e with extremities 
inches apart, as it is (h'signed to have the hands of 
the patients pointing in the same or oppo.site dins'- 
tions. After boiling the tnhes, drop them intii 
jiielted parartin; lift them out with a sterile forceps, 
shako e.xec.ss parallin otit, lay in sterile gan/e to cool, 
and wipe paraflin off tlndr outside. They are then reaily for us('. 

l^lake the superficial veins prominent by applving a constrictor uImwo the 
elbow. E.xposc and free the chosen vein of tin' n'cijiic'ut for about 1 inch. 
Pas.s 2 ligatures around if at the ends «d’ the freed portion; ti** the distal one 
and remove the constrictor. KxpoM! and pass ligatures around the donor’s 
vein in similar fashion, and tic- the ju-oximal one. Temporarily oeelnde the 
distal end by .sern'tine, ta]>c, and clamp, etc.; opiui the donor's vein (or (livide 
it) far enough ahovx; this to s'ip the prepan'd tube distally into it, and tie it in 

jdaee with the distal liga¬ 
ture. hay the dtuior's and 
reci])ient's arm side by 
side on a small tahlr; with 
tin* elbows at' the same 
level, and opposite each 
other. Open the vein of 
tin; reeijnent betwtxjii liga¬ 
tures, ri'movo the tem¬ 
porary hemostatic on the 
donor’s vein; allow the blood to flow through tube and expel the air, slip tho 
free end into tho nx-ipient’s vein, and tie in place with the prttxiinal ligature 
(Fig. 7.')). The dointr’s constrictor is left in jdaee tt) keep up his venous pres¬ 
sure. When sntticient blood has j)as.sed remove tho tube, ligate the veins, and 
close the wound. Faiintleroy says it is a.<r ea.sy as n saline infusion: Move¬ 
ment of the patients’ arms must he guanled against on uccrmnt of angulatiug 
veins against ends of tulK) and causing clotting of blood. 



I'lo. 7 .J.—Vki.n-to-vei.x Tiiasmh hiiiv wmi S-miaI'EU Ti.iib. 
(K'lUiitliTuyJ. 
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Vincent has used similar tubes with satisfaction. 

The Indirect Method of Transfusion.—The indirect method of transfusion, 
in which the blood is passed from donor to recipient by the medium of some 
form of container, depends for its success upon the failure of the blood to clot' 
in the interval between its withdrawal from the former’s and its introduction 
into the latter’s veins. Such a co.igulation seems to be avoidable in three ways: 

(1) By making the transference so rapidly that insufficient time for clot¬ 
ting elapses between the blood’s withdrawal from, and its reiutroduction into, 
normal vascular channels. 

(2) By “the employment of an intermediate system, providing no point 
of contact with any moistenable surfaces, and at the same time minimizing as 



Flo. 70. — CuiiTis A^D David's Apfauatits I'oit Indihkct 'I'kanskubion. 


far as possible the exposure of broken tissue surface to the blood stream.” 
(Satterlce and Ilookcr.) 

(3) By “the employment of a sufficient amount of some physiologic agent 
(antithroinbin),to restrain or offset the initiative factors of coagulation during 
the time of the conveyance of the blood through a foreign system, such as glass 
and metal.” (Satterlee and Hooker.) 

Upon the first of these principles are based the methods of !Moritz and 
Lindemanil; upon the second, those of (hirtis and Havid and Satterlee and 
Hooker. Experiments aro now under way to detenninc the practical value of 
the third principle (by Satterlee and Hooker, and others). 

The indirect method of transfusion has recently been taken up by a num¬ 
ber of men, and the work of Moritz, Curtis and David, Rislcy and Irving, 
Lindemann, Satterlee and Hooker has done a great deal toward popularizing 
this method. 

CURTIS AND DAVID METHOD. —Curtis and David use a 100 c. c. glass 
syringe with rubber tube attached and a double cannula tipped glass bulb of 
100 to 400 c. c. capacity (Fig. 7G). The glass bulb is sterilized by the dry 
method and the inner surface coated with paraffin. The paraffin coat is best 
applied by pouring hot paraffin into the open end and then rotating the bulb 
to secure a uniform coat. The two cannula tips are then heated and each in 
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turn dipped into melted jiurntliii, and shaken to make a thonnijrh coating *o 
as to keep the excess from iKrhidino the hnnen. 'I'he svringt> and rubber tube 
are prepared by boiling. 


“With the apparatus now ready fur use, a mu'-lialf iiifh iin-ision is made over the 
most prominent vein of tlie ellviw r<'>ru>n in Imili tloiiur mid rfcipient (iisiuK wn- 
strictors if desir<'<l). The dntior's vein is tlien idainpiil (vviih a vi-sm-I cdnmp) at the 
distal end of the iiieision, sirijiiasl. litmtitl iiruMinally. i-iii hidow the littatare and 

washed iiiit with niu' per •■eiii. '(diitinii of Midiiim eilrute. 
Tile reeipifiit's viin i' h^;all^I di'lally. stripped towiml the 
heart and claiiipid at th<- iippiT i ial of the ineisiim (willt « 
vessel etaiiip). «-iit ahovi* iho liijaltiri- aiiil also washeil out, 
’I'he eaiiiiitla tips are iiioi'teiud hv iiil rodu<-in>r a fi'W drops 
of liipiid petrolatmil ihroiivili lla- Inilli oihI, tlieii ilisertiNl into 
tin* respective veins nf ilonor and rci-iim iit and liaaltNl ill 
jHisitioii. Aided hy the use- 4i| a shoulder i‘oiisl rii'ltir, hlood 
rapidly enter' tin' I'nlh vvlieii I he donors vein is releasisl. As 
tlio Mood rises ill the Inlie. a eoveiin;: of Ii(|nnl pi‘t ndatiitn 
is added to relieve surface li iisn.n. The riihher tiihe is now 
titled over the lop of the plass imlli and the iiiU' and syriiiKC 
are Used to produce positive and lleiialive pressure, as dc* 




V , No. 2 - 

No. 1. 

Fio. 77.— Kimiton's Cvunukk foh I.m.ihi.-t TinNsKesio.N-, Nos. T *Ni. 2 


sired. (The bull) usually hll.s without res.,rtin^' to sn.-lioii.) 'I'he donor’s vein la 
then held l.y the fimrer. the reeipi. nlV v. in p h ased ami the Idood intro.|need inU. the 

latter at any desire.l rate of tlow. When the ... . empty, tin- rre.pn nt s vem 

is held ami that of the dmmr released, thus allowing the hull, to .nfain heeotuo fllltxl 
with blotxl, after which th<- proees.s eoiitimies, a- before.” 


They had done 4 or Ti human tr:in.sfnsiun« hv tlii.s method wwesHfiiUy when 
they publi.shcd this report, passing over l.O.V) e. e. of lihmd in one case. 

‘jdger savs tliat a eertain a.lvaiifage of the ('nrtis and David apparatus 
over others exists in it.s ability to tran.sfer Idois) ini., the arterial (against the 
current) as well as into the venous .system. Sneh an ability might possibly bo 
made use of, he think.s, in a centripetal art.-rial transfusion by which the 
blood would tend to Ixt forced inf., the aortic hull, and so fill the coronary 
arteries and resuscitate an enfcel,k-<l heart. This prcximluTC has been mwr 
tio^ed by Crilc and Policy. 
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KIMPTON METHOD.— Kimpton has recently published a method very simi¬ 
lar to Curtis and David’s. He uses a 250 c. c. paraffin-lined cylinder of his 
own pattern, having a lateral tube and a terminal cannula tip (Fig. 77). He 
exposes the antccnbital veins of donor and recipient in the usual mariner, al¬ 
lows the tube to fill from the former by venous pressure, and then injects the 
blood into recipient’s vein by pressure from an actual cautery bulb pump 
which he attaches to the lateral tube of the cylinder. If more than 250 c. c. of 
blood are required ho uses a fresh tube for each subsequent injection. Ho 
reports 15 successful transfusions by means of this apparatus, and Turuure, in 
*a personal communication, tells mo of 4 additional successful operations. 

COOLEY AND VAUGHAN METHOD. —(V)lcy and Vaughan injected 120 
to 160 c. c. of human blood and saline (about 20 c. c. blood) into the median 
basilic vein of a baby exsanguinated by intestinal bleeding of mclena neona¬ 
torum. An attempted vein-to-vcin anastotnosis by Crile cannula having failed 
on account of small size of child and lack of blood in father’s veins, one of the 
operators acted as donor and the other withdrew from his basilic vein about 
8 c. c. of blood through a sharp needle into a 10 c. c. glass syringe into which 

1 c. c. of saline solution had previously been drawn. One-half c. c. of saline 
was then sucked in and the mixttirc of blood and salt solution injected through 
a blunt needle into the baby’s already exposed vein, the wound being held 
open by two sutures of catgut. About 2 minutes elapsed from the time when 
the sharp needle was inserted into the donor’s vein until the injection of 
blood into the recipient’s vein was completed. The injection was repeated in 
16 minutes and the child recovered. 

LINDEMAN’S METHOD. —Lindcman describes his present technic as fol¬ 
lows: 

“The entire apparatus consists of two sets of cnnnidas, two tourniquets and twelve 

syrini^es. . . . 

“Two sets of cannulas are employed, one for the donor, the otlicr for the recipient. 
(Figs. 78 and 70.) 

“There are three cannulas to each set. Each cannula telescopes within the other, 
as shown in Figure 79. 

“The innermost cannula is practically a hollow iiccdh'. Tho hollow needle (Fig. 
79) is fitted snugly into Cannula 2. Cannula 2 is 5 nun. shorter than tlic needle and 
is fitted snugly into Cannula 3. Cannula 3 is 5 nun.* shorter than Cannula 2. The 
proximal ends of 1 and 2 arc capped with stationary thumhscTow caps. 

“The proximal end of 3 is capped with a receiver to fit any Record syringe. 

“Cannula 3 is 2 inches long. Tho caliber of this cannula is the same ns the tip 
of a Record syringe. 

“In very small infants with very small veins, only cannulas 1 and 2 are employed, 

2 being capped with the receiver to fit tip of syringe. 

“The cannulas I now use are made of platinum. 

“The syringes used are Record syringes of new, improved type with a capacity of 
20 c. c. and can be sterilizcnl with 95 per cent, alcohol, 20 minutes. . . . 

“One operator manages syringe of recipient. Another operator manages syringe 
of donor. An assistant stands between operators, who are in position close to the 
assistant. Donor and recipient are placed in the reciuubent posture. 
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“A table is arranged eonvonieiitly In'twivii llieiii so tlial a iuirs<' can wash ayriiigea 
as rapidly as they are use*l. For tlvis |tiir|K>se two basins of sterile water and one 
basin of normal saline solution are usisl. The noriiml saline solutioti is usul in the 
last rinsing; the syringes are so well eleainnl in the lir-t two rinsings that the rinsing 
solution remains praetieally elear. 

“In adults and most ehildren over 2 y«-ars of age tlu* nuslian hasilii- vein is easily 
accessible. In infants the external jugular or one of its trihutari(‘s is eiitensl nioro 


Fio. 78. —Linoeman's Canni i.a. .\ssrmiilcd. 



advantageously." In some eases the internal saplnaions may prove the vein of prefer- 

ence. . 

**A tourniquet is plaeetl in pt'.siliim. and the shin is sl**rili/.i'd with it»din. I he 
(‘aniuihi is then held in a [losilion almost parallel to the vein with tin' thiimh on the 
thumh-serew of the innernio.st eannula (Fig. T>. I). 1 In' -km is then pnnetnrisl and 

the eannula is foreed into the vein. After the lirst j.hnt (A) ha- enlerisi vein, (hui- 
luiln 1 is withdrawn a distance of ahoiit one half im li. (Ihis prevents the vessel 
wall from being injured or piinetured hy the needle after the v<‘iii i- l•llU‘re^^.) 

“With the thumb now on the (hiimh-serew eap of 2 tin- eaimiihi is forced further 
in until the second joint (15) (Fig. 7s) ha.s .•ntend the vein, t'animhi 2 is then 
withdrawn a distance of ahont oiiedialf im-h. (('aimnla h alone cm eoine into eon- 
taet with the vessel wall.) (’aninila :i is then gently pushed into the vein to a de¬ 
sirable length; usually three-quarters to one imh will siifliee. 

“Cannulas 1 and 2 are now withdrawn entirely. If the vein has been sneecssfully 
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Fio. 7<).—Lisiikman’s t"A.NNri,A, .8 epakat*o. 


entered, blood will fl.iw through the cminda. When the first drop appcinv a syrinx 
containing warm saline solution is imimdiately atti.eh.d and a very slow How of 

saline is niaintaine<l through eiiimuhi. , ,, n i • . „ 

“(When the innermost iiecHe, Su. 1. ha.s enl.-r.d the vein, hloo.1 is seen to trickle 

through the proximal end.) 

“There is no necl of liaste at thi.s st.^ge. . 

“A cannula is next insertcl in vein of donor m a like manner; an empty syringe 
is attached to this onnimla. Everything is now i- reudim-ss for the transfusion and 
blood is withdrawn from donor ns rapidly «« IKissibh-. When the syringe is full the 
assistant passes it to the o,vrator on the recipient, who removes the saline syringe, 
attaches the syringe containing hhsKl and evacuatvai the. eontonts gently but sfH'odily 

*°*°“Ctoe''^ingeful of hloral is followvd by another in rapid sucixjssion until the de¬ 
sired quantity of blood has been transfused. 
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A little normal saline is injected through cannula of recipient after every 2, 3, 4, 
or 6 syringefuls of blood, depending mx)ii the speed of flow from donor. This keeps 
cannula free of blood and jirecIudoH the ixiasibility of clotting. * 

Some 25 tests have been nuid«‘ to determine the length of time reejuired for blood 
to coagulate in a syringe. This was fouml never less than (i minutes. The length of 
time required for the eomplete filling and evacuation of a syringe is from 6 to 12 
seconds. 

“It has been found advisable for the assistant (or third man) to remove the 
syringe of the donor as soon as filled. The operator can thus hold the cannula in 
place with oiu! hand, while with the other hand he may at onee adjust an empty 
syringe into the cannula, i.oss ot blood is thus reduced to a minimum. 

llui.KS. (1) Jiright polished surfaces of syring(‘ and cannulas are requisite. (2) 
A syringe used once should not again he employed until thoroughly cleansed with 
sterile watiT. (.i) Air must he avoided. 'I'his, however, offers no difficulty. (4) 
J^Otiniiquet of ns'ipient must he removed after vefin is entered with cannula. (5) 
Tourniquet remains on <lonor thronglioiit operation, ((i) Tension of'the tourniquet 
should not impish; the arterial flow, hut should he siiffieient to block venous return 
to a point at which the highest venous pressure is obtainable, if the tension ho too 
great the first syringi- will fill rajiidly, the successive ones will fill very slowly. If 
the tension he too little, syringes will fill slowly. If the tension he adjusted correctly, 
syringes are filhsl very rapidly. (7) De.xterity and speed are, reipiisito for success! 
(S) Before beginning a transfusion syringes are cleaned with hydrogen peroxid and 
then washed in a 10 per cent, sodium carhonati; solution and rinsed. They arc then 
ready for a sterilization in alcohol. . . . 

“The time elaiising in filling an<l evacuating the syringe is .so brief that blood 
docs not undergo any alteration from donor to recipient. Tor this reason larger 
receptacles for eonv<>ying the blood have hc«‘n discarded. 

‘•'No luhrieant is employed. Uannulas are lined with a film coating of alholeno. 

“Larger syringes with larger calihered eamudas may he used, hut the i)reaent sizes 
have worked satisfactorily and fittings of syringes ami cannulas are of universal 
gauge. 


“Syringes and cannulas may he kept sterile in individual metal containers. They 
are thus in readiness for immediate use and no i)rei)aration for operation is re¬ 
quired. 

“When hemolysis occurs, even when only slight, the symptoms appear imme¬ 
diately, so that in the actual performance of the work I infroduee sona* 20 or 30 c. c. 
and then jiause to await any symptoms of hemolysis apjiearing. Should none occur 
the transfusion is completed. Should .symptoms appear the cannulas are withdrawn 
and no harm is done to either rw-ipient or donor. Jn that ease another donor is pro¬ 
cured. 

, “The merits of this method may he summarized as follows: (1) Simplicity for 
the recipient. (2) Simplicity for the donor. (3) No pain, other than a skin puncture. 
(4) No disturbance of the recipient or change of position is necessary and the work 
can he done in the home as conveniently as in a hospital. (5) Any (piantity can be 
transfused, (f!) Tlu' quantity is definitely known at the time of transfusion. (7) 
The same vein may he used repi'atedly. One nvipient was transfused 7 times through 
the same vein and same .skin puncture. One donor was tapped nine times through 
the same vein and .same skin i)unetnre. (S) No scar remains after operation. No 
skin ineision is lU'eessary. (!>) The danger from hemolysis is practically eliminated by 
this method. (Id) 'I'lie taeility of application maki’s possible its application over a 
wide therapeutie field. - . . 

“Up to date I have performed 137 transfusions by this method. There were i^o, 
failures. . . . ' 
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“The youngest case traiisfusnl was 0 with^ .*1.1: wi i^lu C Ihs. rt or. The ohlrtt 
case transfused was 73 years. In iu» c.i-e w.i' tin r< iliri'iuhe^H, eiiilMilisin ur st'psis; 
in no ea.se was a skin iTieisinti in,nil ; in im e.i-. \va' .iini;i\in; in no case was 
death ilue to any untoward ethei' o) tran-lii'inii 

“Post-mortem examination> Mere ni.ide m !«.. eaM- --iviial weeks after trans¬ 
fusion. Vein jninetures were ex.'^nnne.l l \ Iir. ('Ii.irli^ Norn-. Ihrietor of I.iilxirn- 
tories of Bellevue and Allitsl Hospital', who eonld lind no < \ nh nee of the pnnelimv 
The.so venous punetnre woiiiuN heal lo lii'-t intintioii and no tliroml>o-is oeeura at 
the site of the punetnre. . . . 

“In the total inimher of tran'-fii.-ion" tin re wire ‘JP! e.miinl.i in,-ertions into veins; 
2IH into median hasilie; into extern.d jnoiil.ir In “os in--eriion- ilie median liasilie 
vein was eiitenxl on tirst ininetnre. 

“In OIK' ease six transfiision- wire iierforinni at ihtlerent intervals of time, using 
the same vein through tlie same 'km imiieinri in eaeh operation. One donor wiia 
used for eight transfusions at ditli n nl inten.d' ot tinn . the e.mnnla was insertisl 
into the same vein through the s.nne 'km piineinre mi i .n h oee.ision . . . 

**Judgiuelit of till' aiuouiit ot hlood to he ti.iiistu-iil will dipeiid Upon tile size, 
weight, age, idiy.sieal eonditimi of tlie p.itnnt. tin iM'e .d disea-e to he treated, the 
ohjeet to be gained hy traiistii'iou. the iin'iine ot otlnr eoniplieations. and. lastly, 

oxiierieliei'. The largest aiiioiint 1 have tr.iii'fnsi d ... individual in one sitting 

is 2.000 c. e. This (piantity was t.ikeii fr..in tvv.. dmims ... 

“The vimintity of hlood that ean he drawn li.'iii a dmior varus The largest 
ipiantity I have taken from one iiidividn.il in mie siiim;' i' l.loo e e 1 he largest 
was feet s inehes in height . 111.1 vveigh.d i:u Ihs 1 h.ive fre.pi, iitly taken !t(tO to 
1,000 e, e. in one .sitting. 

“If the ease he not mie of iiifietimis .h'. .I'e. two thirds .piantity of the hlood drawn 
from donor is reidamd with normal saline through the eaniiula with wliieh transfusion 
was performed. When infection i' pr.seiit the same .annuh. i- not used. 

“If at any time the Id.1 pressure m tin- donor should fall so that hlood is with¬ 

drawn with great ditlieiilty, it i.- an iii.ln .0 imi that in. more hlood ean hi spared at 


that time. 

“The reaetioii-ehdl. fever, etc.-after Iraiisfnsion from a hlood relative in most 

instaiiee.s i.s le.ss than from an ahm, in tl.r...f trai.stas.on from aliens lien.oly- 

.sis oeeurred from whi-h p.itient' r..ov.r.d (It sl„odd he home in mind, however, 

that heiiiolvsis ean oeeiir with laiiidy hlood ) 

“Providing the .same .hmor he ns.d then i, fre.pi. nlly ini reaelioii a ter the 
second and .sueee..di.ig transfusions. Ami if any nae.ioii ..eeiirs it ,s usually very 

mild. ,, , . 

“A given donor of alien hloo.l will .-anse a . hill ami a temperature in one ,.atie„t 

and none in another, though tin tr.iiistiisioi.s h.- .lone on the same day and IkiUi 
patieiit.s have the .same dis. ase. ami the same .piantity he given. , 

.e,.,.,. Hiill a, Id t..mperature re,.eii.,i,s may h. assoeiated with sligh degree of 

hemolv.sis iuei.lent to serum naeti.m. I ..a-i.,i.ally oh.sermd sim 1, lieiiiolyHm 

in a few eases evident only hy a 'light janmliee tint .earing w.i iin 21 hourH In 

8ueh en.se in the s„eee.'.ling traii-fiision. tin- same donor heing us.d, thm lint n» absent 

the aetual perfonnai.ee of tin- work I intro.iuee a small -pi-'H.tity of blood and 
then pau.se for a diort period of time before eonlinui.ig transfusion. ()p,s,rt.ir..ty .« 
thus affnrd.'.l for observing th- eompatihiht.v of the hlood in rodueed. 

“Should an undesiral.le reaction ever oeenr u.d.eal.ve of ineompat.h.hty, trans¬ 
fusion is di.seontin..ed: no h.arm is done and another donor .« proeund. Danger fnan 
hemolysis is thus eliminalevl. 
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McGBATH’S METHOD. —McGrath has recently described a modification of 
Aveling’s method, in which he uses a 30 c. c. richer bulb having two long 
polar processes, or cannula?, of suitable size to enter the veins. The latter 
are exposed in the usual manner and the tips of the processes are inserted into 
them, after filling the bulb with salt solution, and held by ligatures. Alternate 
filling and emi)tying of the bulb by compression and release from the donor 
into the recipient transfer the desired amount of blood. The apparatus is 
made without joints. No anticoagulant is used and the method has proved 
succe8.sful in experimental work. 

8ATTEBLEK AND HOOK?]R’8 METHOD.— Satterleo and Hooker have re¬ 
cently published an account of a method which appears to be an improvement 
on Curtis and David’s. Sec Volume I, Chapter IX. 

Choice of Methods.—No absolute decision can at present be made as to 
which is the best method of transfusion. ITntjuestionably the direct method 
has received more attention and has been practiced a greater number of times 
in tho past 10 years than has the iiidifcet method. The possibilities of the 
latter, however, are at present being more thoroughly investigated, and it is 
probable that the next decade will see a reversal of the proj)ortion of direct to 
indirect transfusion. 

Curtis and David, in a recent commmiication, summarize their objections 
to tho direct method as follows: 

“Tho operation requires delicate technic such as is possessed only by those 
who have had experience in blood-vessel surgery, (’onsidcrablc time is con¬ 
sumed in performing anastomosis of the ve.sscls. The rate of flow and the 
amount of blood transfused arc not measurable. The flow of blood sometimes 
ceases before tho desired amount has been tran.sfuscd, even though the oper¬ 
ative technic is excellent. .Movement of citlier donor or recipient may tear 
the vessels ajiart at their point of union in spite of watchfulness on the part 
of tho oporators. In infectious patients there is always danger of transfer of 
infection from the recipient to tho donor. This is most liable to occur through 
tho rubbing of tho raw surfaces which are held or bound together during the 
entire procedure.” 

Tho third objection of this scries is the only one that can bo held to apply 
against tho direct method of transfusion by glass tiibes as originated by 
Brewer and modified by Eauntleroy. Tho others apply no more to this method 
than to Curtis and David’s own. 

Rislcy and Irving have (in 1911-12) carefully and critically tested Crile’s 
cannula, Sorcsi’s cannula, Frank’s (dog’s carotid), and Hartwell’s (simple 
invagination of artery into vein) methods. Brewer’s tul)cs and Curtis and 
David’s syringe and receptacle with a view of settling which is at present the 
most generally useful method of transfusion. They say: “In so far as 
purely mcehanical metal devices go, this admirable little adjustable cannula 
(Elsberg’s) is still tho best.” They call the paraffined glass tubes “far ahead 
of any of the other more complicated devices proposed, but also by far the 
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mOTt satisfactory for all romid transfusion work, nrtcrv-fo voin, or vein U) 
vein, adult or infant, and Jor skilled or unskilliHl operators.” 

They also speak favorably of Curtis and David’s uielliod. 

Just at present, then, it would aj.jH-ar that dir(><-t Iransfusiou l»y the par¬ 
affin-lined glass tube is the most giMierallv availalile and simplest, hiil it laeks 
the advantage possessed bv the iudinvl mellmds of a.vuralely measuring the 
amount of blood transfused. In as much, however, as the e(Te<-t u|h>u the re¬ 
cipient, as observed in his gemual appearaiiee. raised liemoglohiu index and 
increased blood pressure and in tlie n-dnetion in rati* and the improvement in 
cjualiD of his pulse is the real imiieation of the etriH-l o| transfusion, rather 
than the accurate measnreuu'nf ol ilu* amount (»f blood j>assed. tliis lai'k cannot 
bo considered of tlie first imjiortau.-e. 

If, however, tlie indirect metiio<| with svringe, as praetieisl by Moritz, 
Tindenian, Cooley and \ anghan. and otlu-rs, or with the paratlin-lined glass 
receptacle of (/Urtis and David and Satti-rlee an<l Hooker. prov(*s as safe as 
the direct method, it will donbtle.ss heeonu’ tin* method of choice; and in this 
city it is probably more used now than the direct method. If flu* dinvt 
method bo used there is still soiin* ipn'stion as hi*tween tin* arterv-to-veiu and 
the vcin-to-vciu practice of it. Dorranee and (Jiiisherg .state the advaiitagi's 
of artcry-to-vcin jinK’cdure as: giving .sniiieient blood pressure to introdueo 
blood (piickly from donor into ri'eipieiit; that blood from arterv is richer in 
oxygen than that oi vein, d lu‘y lM“li»*ve. however, that vein-to-vein jiroei'dure is 
simpler and safer and n'eomniend its use. 

’ Lilicritlial states the advantages of the v<*in to vein method as follows: 
Ihc dia.scetion docs not open the fa.seial planes of the wrist to jiossihle infirc- 
tioii. The radial jml.se is not interfered with. I'lie dissection and manijmla- 
tiou of the vein is easier than that of the artery. 'I'he donor’s vein gi^nerally 
used is larger than the radial art<*ry. The vein is less .siiseejitihle to uxUirual 
influence (for cxamjile, eontraetion of artery ami resulting slow', or no, flow). 
The flow is rapid ami steaily. 

Elsberg also (personal e«tmmnni«'ation ) jirefers the vr*in to-vein proe»*duro. 
Among the diffieultie.s of the ojieration may Ik* m(*iilioin'd : rr*fnMnl of ra<Iinl 
artery to bleed; inability to find snllieiently large vein in arm; clotting of 
blood in cannula; piercing vein. 

Peck mentions an instance where the donor’s radial artery absrdiitcly re¬ 
fused to bleed. 

Peck, I/ilicnthal, Warren, and others have mentioned the diflieiilty of find¬ 
ing a suitable vein in the arm of tin* re<-ij»ient. In ii few eases this r(*sulted in fail¬ 
ure of the ojx*ration, as the jaitient wouhl not allow any other vein Vt Iks used. 

• Peck, Lilienthal, Ticruhciin, and others mention the occurrence of clotting 
in the cannula, or at the point of anastomosis. 

Warren and others mention the jawsibility of thnisting the point of the 
needle, or trocar, through the opjxisite wall of the vein while attempting to 
introduce it into the lumen. 
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Dangen of Transfusion. —Among the possible dangers of the operation 
should bo mentioned: transmission of disease from donor to recipient; trans¬ 
mission of disease from recipient to donor; hemolysis; agglutination; acute 
dilatation of the heart; air embolism; blood embolism; suction changing gas¬ 
eous tension of blood; laking red cells and setting free toxic substances. 

TRANSMISSION OF DISEASE FROM DONOR TO RECIPIENT (Syphilis, Gon¬ 
orrhea, Malaria, etc.).—This can be entirely avoided by a thorough prelimi¬ 
nary examination of the donor. 

TRANSMISSION OF DISEASE FROM RECIPIENT TO DONOR (Typhoid, 
Septicemia, etc.).—This can be avoided by using an immune donor, or by 
avoiding any actual contact betweeu donor and recipient. (Brower’s tube or 
indirect method.) 

HEMOLYSIS. —Hemolysis is regarded as a real and ever-present danger by 
many surgeons, but Bernliciin remarks: “The danger of hemolysis following 
transfusion has always been vastly overrated and unwarrantably feared. In a 
rather large series of transfusion, done for the relief of many and varied con 
ditions, I have never seen it occur, and I know of but one authentic instance 
where it complicated matters. 

“It must bo remembered that hemolytic tests, even at best, arc not en¬ 
tirely conclusive and do not absolutely protect against hemolysis. The blood 
of one individual may hemolyze that of another in the test tube, but not in the 
body after transfusion; and, vice versa, the laboratory tests may pronounce 
an individual a suitable donor, and yet lumiolysis may occur after transfusion.” 

On the other hand, Klsberg, Lilienthal, Peck, I.indeman, and others em¬ 
phasize the ejftrcme importance of it. Klsberg has done 2 successful cases 
without preliminary test in emergency cases. Peck mentions a case in which 
it was impossible to get a hemolysis test beforehand. The patient was trans¬ 
fused by the Ju’ndonian technic with .38 syringcfuls. She died within 48 
hours with signs of obscure blood changes. 

Lindeman mentions one case where the laboratory reported hemolysis test 
negative, but hemolysis was noted after 75 c. c. had been given. Transfusion 
was stopped, and another serologist reported hemolysis test: slight hemolysis 
of donor’s cells with recipient’s scrum. 

Another case: no hemolysis in first transfusion. Second transfusion 5 
days later, with same donor. No hemolysis test done. Hemolysis showed at 
trafisfusion, however, and test then made showed hemolysis of donor’s cells 
with recipient’s serum. 

Another case: laboratory report negative; yet hemolysis occurred at trans¬ 
fusion ; no opportunity to check up laboratory report; all 3 cases recovered. 

AGGLUTINATION. —.\gglutination of red cells is apparently less to Hbe 
feared than hemolysis; but Lilienthal emphasizes the importance of making 
the test beforehand. Warren mentions a case of pernicious anemia in which 
he failed in an attempt at transfusion by the Lindeman method on account of 
the small size of vein in the arm. Two days ^ater Lindeman himself successfully 
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transfused this case tlirou-h the oxternnl ju-ular. Tho patient died within 
hours. In this case there was a very p(V'<ltive iiL'^^lutiiintion rtMtetion 

obtained beforehand, althouirh the lieiiioivsis test was iie-alive. 

ACUTh DILATATION OF TIIK tlHAUT. Aeiile dilatatii)!) ef lh»* heart dlir- 
ing transfusion is another rare aeeidenl. ('rile mentions sevt'ral instances in 
his book, none of which wore fatal, it has Ihh ii ditiienit to liml anv ]H>sitivu 
evidence of fatal oa.ses. Lilienthal and I’«‘ek liad not observed the accident in 
their practice, hdsberg mentions oiu* ca.-e wlio died shortlv after the trans* 
fusion by the direct arterv-to-v(*in method, lb* believes that thev (jave her too 
much blood. She was a woman snfTerino Irom malignant embx’arditis. 

AIR EMBOLISM.— -I have been unable to di-icovei any tleatli.s thonght to 1)0 
referable to the entrance »)f air into the veins at lran>fusion. Theoretically 
one would expect it to be a fairly common ai-ciibnl in the .syring«* class of 
operations. But, a.s a matter of fact, it is highly probabh' that simill amounts 
of air, so introduced, do not give rise to untoward .-ymptoms. 

BLOOD EMBOLl.SM. - -No po.sitive e\ idence i'^ obtainable of any fatalities 
due to this cause following transfii.'^ioii. Imt Warren r>|ic.iK.s of one case of per¬ 
nicious anemia that died of piieuinonia within .a weik followiitg transfusion by 
the I.indcman method. Warnm llionght the pneumonia might la* attrihtilablo 
to pulmonary infarction. 

ALTERATION OF THE CASEOFS TEN.'^ION OF THE BLOOD. Alteration of 
the gaseous tcusiou of flu! blood due to .sueliou, and hiking of the red cells 
with sotting free of toxic suhstaiiccs, from c-milact with syringe or cannula 
walls, have been mentioned lo Warren and Coumdl as possible dangers in those 
methods that mso .svringe suction and ciiii»loy no parallln to lino tho camnila. 
No definite evidciujc is obtainable of the reality of such dangers. 


IXTU.W INOfS I -N.I KOI lOX 


Intravenous injection for piirjioses <d bwal or general aiuisthosia is de¬ 
scribed in the chapter on Anesthesia. 


Vkakskotion 

Venesection i.s an operation little used at present except when it is desired 
rapidly to lower blood pressure, a^ in eertain ca.se8 of cerebral hemorrhage, 
uremic coma, etc.; or where it is <icsir*’<l to remove a eertain amount of toxic 
or deteriorated blood IxTorc replacing it with healthy blood or saline solution, 
as in illuminating ga.s, carbon iiionoxid poisoning, etc. 

. The vein selected may he (he external jngnhir, the internal saphenous, or, 
more commonly, tho median basilic or cephalic. The latter is perhaps pref¬ 
erable on account of its tn-eater rlistance from the brachial artery and its 
freedom from nearby cutaneous nerves. A constrictor is applied at raid arm 
tight enough to distend the superficial veins. The skin over the anterior sur- 
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face of the elbow is then painted with iodin, which is allowed to dry and then 
washed off with alcohol. The vein is then steadied between the thumb and fore¬ 
finger of the left hand while a sharp scalpel divides it transversely, together 
with the overlying skin, to about one-half of its diameter. Local anesthesia 
may, of course, be used if desired. The flow of blood may be increased by caus¬ 
ing the patient to grasp a stick tightly. It may be lessened by digital pressure 
over the vein. The amount of blood removed usually varies from 8 to 16 
oxmees. When sufficient blood has been removed the flow of blood is arrested 
by removing the constrictor, and strapping a pledget of sterile gauze over the 
phlebotomy wound. 

OPBBATION8 TO BEMOVB THE CAUSE OF OZBOULATOBY DI8TX7BBAKOB 

DUE TO VABICOBE VEINB 

Binnie says: “The principle of treatment of varicose veins is the trans¬ 
ference of the venous circulation from the superficial to the deep veins, but 
before attempting to do this it must be shown that there is neither thrombosis 
of the deep veins nor marked obstruction to the return of the blood through 
them. 

“Mayo, in doubtful cases, applies an elastic support to the limb for a week; 
if this gives comfort it is fairly evident that the deep vessels are capable of 
doing their duty.” 

Methods of Treatment 

The methods usually described are: injection, ligation, excision, incision, 
suture. 

The treatment of varicose veins by injection, acupressure, and subcutane¬ 
ous ligation is antiquated, and should not bo employed. Incision, excision, 
and suture are the methods commonest at present. 

Treatment by Excision.—Excision is the method most in use. The dilated 
veins are marked upon the skin, while the patient is in the standing position, 
with tr. iodin, silver nitrate, or some other stain; or scratches are made in the 
skin over them with a sharp scalpel. At the same time a test is made as to the 
free conamunication of the varices with the deeper veins. With the patient 
recumbent, the surgeon places bis finger upon the saphenous vein just below 
its entrance into the femoral and causes the patient to stand up. If, while the 
varices are thus relieved of the weight of the superimposed blood, they still 
dilate from below the Trendelenburg operation alone is useless. It may, how¬ 
ever, be used in addition to the excision in continuity. 

After a very careful preparation of the operative field an incision is 
marked over the dilated vein. If the vein is broadly adherent to the skin it is 
often easier to excise a portion of the latter with it Otherwise, the incision 
is deepened carefully just through the ekin and flaps are raised on each side 
of the incision by ffirusting blunt scissors beneath the skin and forcing the 
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blades apart. This, addcnl to a littlo iiocessary sliarp dissc'ction, will oxpcMio a 
considerable arc-a of vein which is lipifc«l to-iellicr with its trihularios, aUwo 
and below, and excised lor a distance ot se\»*ral inches, .Ml hhxHliiijf is then 
stopped, the wound carotully elean>etl. ami its edi;cs nnitvsl with line silk, ooii- 
tinuous suturcj or, perhaps lK*ttcr, by interruptcil sutures alternating with 
narrow strips of sterile adhesive. I his jinna'diire may Ih> r«'peate<l utttil the 
continuity of the dilated vemui.s channel has hecii internipt<*d 4 it H or 1 levels. 
Sometimes the dilated triiiik vcun and it.s trihutarit's arranjic ihctnsidves in a 
sort of nest or plexus '2 or .‘1 inches in diaiuctcT, espei'ially just la'hiw the knoo, 
in front, internal, or iK'hiud, It is more satisfactory in such cjisea to exoiso a 
considerable area of akin, tosjx'ther with the* whole mass of dilated tortuous 
veins and their stirroumliiifi fat, riuht down to tlu' dcs'p fa.scia. The «|nf(H!t 
may then bo closed by loo.seninf; snpc*rlicinl fascia around the edjp'S of the 
wound from the deep fascia and »lrawinir tlu' wound edge's tojicthcr with sev¬ 
eral deep tension sutures of silk worm ^ut. ProjK-r coaptation of the niarpns 
then follows, with silk, as before'. Ileltc'r ai>pro\imation is secun'd in this 
way, and the tcndeucy of thin, e.\tensi\e llaps to slouch is avoided. 

Dry dressings are apidied, the limb is eU-vatcrl ami closely bamlngt'd from 
toes to groin. A well-pa<ldcd posterior s]>lint. of wooil. i>r a more conifortuble 
one of moulded plaster, is then aibied. ami the paiicnt kept in IsmI for at least 
ton days, or preferably two weeks, as tlu* c.xiicriciice of tlu! .Mayo ("'linic has 
shown that practically all the cases of »‘mbolism complicating lids operation 
have occurred within 11 days after operation. If tlie varicosities have lawn 
extensive the patient should Ik; rwonum'iidcd to wc'ar a woven batidage of tint 
“Ideal” typo or a well-fitting elastic .stis'king for a few weeks after the opera¬ 
tion. 


If the varicosities are the result of weight pressiire from the superimposed 
column of blood, the veins cb) not di.stcml when the, limb is allowetl to hang 
down while pressure is made! upon the u|)pcr p.'irt of the sajihenous vein by tho 
examiner’s finger, which has be<'n previously phiccd there with tho limb in 
tho horizontal position. 

TRENDELENBUKG'8 Ol’EHATION. In such cases Tremlelenblirg’s opera¬ 
tion may bo sufficient. It consists of the excision, belwe<'n ligattires, of an 
inch or two of the saphenous vein at the uppe^r part of tho thigh. A rubber 
constrictor placed around tlie limb near the groin may be; tised to dilate tho 
vein and make its localization easier, and in fat patients a transverse incision 
may discover the vein more rcailily than a longitudinal one. 

MAYO’S OI’ERATION.— .Mayo dcvi.stvl a dis.scvlor with aec/nnpanying for¬ 
ceps to facilitate the excision of the varico.s<! vein through small skin incisions. 
It is exceedingly efficient if the vein is thickwalled and not too tortuous, but 
is apt to tear thin-walled, tortuovis ve.«sel.s. It is tised as follows: expose and 
isolate about 1 inch of the .saphenous vein ijcar the saphenous opening. Divide 
it between double ligatures and thread the distal end through tho eye of the 
probe dissector (Fig. 80a) and put an artery clamp on it. Hold tho clamp 
23 
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in one hand and push the dissector downward beneath the skin, guided by the 
vein, to a point near the knee. Tt may bo advantageous to have an assistant 
press the skin upward against the advancing dissector. If its progress is ob¬ 
structed by adhesions around the vein pass the adhesion forceps (Fig, 80b) 
over the vein doum to the point of obstnietioTi. I'ear the adlicsions by gently 
opening the blades of the forceps and then proceed with the dissection. When 
the eye of the dissector has rcachc<l a point near the knee make a small in¬ 
cision over it, pu.sh it out through the akin, clamp the vein, and withdraw the 
dissector. Rethrcad the vein in the di.s.scctor, reintroduce the latter through 



Fiq. 80.—a, Mayo’s Dissrctou fok Vaiucosb Vkinh; b, Mayo’s Adhesion Korceps for Varicosb 

Veins. 

the lower incision, and continue the dissectioTi downward. Remove as many 
other veins as is deemed necessary in a similar way. IRniiic calls special 
attention to the advisability of making the dissection from above downward 
to avoid the danger of detaching thrombi and .sotting them free in the circula¬ 
tion. The bleeding from the tributaries that are torn off can readily be stopped 
by pressure with gauze pads. The wounds are closed by suture; dry dressings 
are applied and a snug bandage, applied from below upward (toes to groin), 
with a posterior splint, is added. 

Excision by inversion.— -^famourian elevates the limb, exposes and di¬ 
vides the internal saphenous vein near the saphenous opening, ligates the 
proximal end, and clamps the distal. Traction on the clamp indicates the 
position of the vein near the knee, and it is expo.sed and divided again through 
a small incision at this point. The distal end is clamped and a long probe is 
passed, eye first, into the proximal end upward and out of the upper incision. 
The upper end of the vein segment is fastened to it by a silk suture that 
penetrates the vein wall through and through and is tied through the end of 
the probe. Strong traction on the lower end of the probe extracts the segment 
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of vein, turning it outside in. Mamourian snvs a gnin elastie nitlioter may bo 
used instead of a prol*e, if tlie veins are very tortuous. This luetliixi is not 
applicable to general or eirsoid varieosities. 

BABCOCKS OPEKAnON. Iiaheoek de\is(>d a long, pliable ]>rolH> with a 
small olivary tip at one end and a larger o\al tip .at the other, en)t|>ed under¬ 
neath so as to eateh the ent end of the vein. It i-; n-ed 
as follows: expose and isolate about I ineh of \eiu at 
the upper end ot the segnieiit whose removal is iut( iidtsl. 

Grasping it in a heinostat, make a small iuei-ion into 
the wall and introduec' tlu- small end of the ]>iohe. !’a>., 
it downward within the vein, as far as j>o-.-.ilile, ami tie 
the upper end of the segment tightly aronucl it pist 
below the largo end. ('ut the v<‘in between this ami tbe 
hernostat and replace the latter b\ a li^Mtiiic'. Make a 
small incision through the skin. fa>eia. and \elii wall 
upon the small ends of the probe. (lra>p'this and make 
traction eombined with a seiie> of short jerk-. The 
vein coinc.s away, jileated in a .small ma-s aaainst the 
cupped surface of the larger tip; liemostaMs; wound 
closed; dre.ssings; handage. and splint as UMial. 

FOSTKK'S MKTllOP. l''o.«.ter in a .similar wa\ Uses l’ 
feet of No. 4 copper wire, bent at one en<i into a loo|i, 
or neck, around which the cut end of the vein to Im- 
stripped out is tied. 

Treatment by Incision— i im isioV. 

Schedo has advoeatetl a eomplele eireiilar ineision 
dividing all ti.s.sne.s down to the deeji fa.-eia in the npjier 
third of the leg, doiihle ligating each vein as it is cut. 

\’on Wenzel add.s a .■second .--iniiiar eireiilar inei>icin at Vahk imr. Vmmi. 
the jnnetion of the lower and middle third of the thigh. 

SPIRAL TN'(’ISI()\.- Keimlllei^eh and l-riedel divide the internal Haphotious 
vein between ligatures hiah up in tin- thiah; mark a H|)iral with to 8 turns 
around the leg; deepen this b\ inei-ion tci the deep faseia. eatehing and ligating 
the divided ve.ssels; pack the wound to hold the edge-s of the spiral apart and 
force it to heal by granulation ami epidermi/.ation. 'I his leaves a deep spiral 
gutter in the leg (Fig. ''1 )• Where nleers exist tliiw ineliide them, lattwee-n 
turns of the .spiral, joining these by vertical ineisioiis on each si(le of the 
ulcer. 

Kayser reported 18 ea.s<>s done by this method, all of the most severe typo. 
He declared that the .size of the leg tlimini.-heji and rernainerl smaller, existing 
ulcers were healed, there were no .sensory disturbances of the skin, and his 
patients were well satisfied with the re.«tilts. lie mak(?s 0 to 12 spiral turns 
according to extent of varieosities. br*ginning on dorsum of frxit, with 3 parallel 
incisions on dorsum, which, he says, prevents crlorna; and if ulcers arc largo he 
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carries the incisions througli them. He keeps the patient in bed 4 weeks after 
operation. 

Geinitz, reporting the late results of this operation performed for varices 
at Garre’s Clinic, says tlicy are .surprisingly good. The ulcer only recurred in 
one case. He recojiuneuds it highly for diffuse varices and cases where 
simpler methods have failed. 

Treatment by Suture. —deli^et'S operation. —Dolbet, in 1900, suggested 
and carried out by suture a re-implautatiou of tlie saplienous vein into the 

femoral 10 or 12 em. below its original 
entrance. IIis object was to cure varices 
by relieving them of the weight of the 
superimposed bloral column through the 
interposition of r)ne or inr)re sets of coin- 
pciteiit valves. He reported 8 cases, and 
Hesse and Schaack collected 48 cases in 
all. T1 lore was 1 death out of Hesse and 
Schaaek’s 20 own eases, and they called 
the otln-r 22 cured. 

IIESHE AND SCHAACK’S Ol’EKATlON. 
—IIe.s.s(! and Schaack operated as fol¬ 
lows: An incision 12 to 1.') cm. long was 
mad(! through skin tind superHcial fascia' 
at Scarpa’s triangle in the direction of 
tli(? internal saplienous. This vein was 
istdatetl, and all but the largest branches 
were ligated. 'I'hev then e.xpo.sed and 
freed the femoral vein for a sufHcicnt dis¬ 
tance, ligated the .saphenous at its eii- 
tr.anee into the femoral vein, put a tem¬ 
porary hemostat on it a little below, and 
divided the vein between ligature and 
serrefiue. They then reimplanted tlio 
distal cut end of the saphenous into tho 
femoral vein at least 10 cm. distal to its original entrance, using a traction 
suture at the upper and lower ends of the anastomosis, and then completing it 
by a continuous suture (Fig. 2). After operation no immediate improvemeut 
was apparent, but sooji the 'rrendelcnburg’s syjiiptom disappeared. In 21 of 
tho 28 cases the patmiey of the ana.stomosis was established. 

JEOER’S METHOD, —,Ieger suggests the advisability of minimizing the dan¬ 
ger of thrombosis by employijig for the anastomosis his own method of ond-to- 
sido implantation of veins which approximates tho endothelial surfaces very 
exactly. 

. COENEN’S METHOD. —(’oencn originated an operatiiui similar to Delbet’s 
for relief of varices of tho external saphenous. lie ligated and divided the upper 
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part of tho small saplioimus an.l unitinl its .liMal . ii.l l.v .-in-nlnr snturo to tho 
ccJitral end of the lij^ateil ami dividcl |m>t»*riiir lilual. llis end results an> not 
available, but he saw th(> tibial ^ein lill ^^nh. I,!....,! imn. U-low upward, indi- 
catiiif' that he had aeeoinpli.-lietl Id., ebjeei nt alinrdum aimllier exit for the 
blood in the saphenous sSf-tem, 

KATZLNSTKIN S AIKlllOP. Ixal/eii-iein. rea-oidiiL; liiat the \arieosities of 
the sapiienous s\steni arc* diu' to lai'k lU niu'eular support, oriuiuati'd a pro 
ceduH* in whudi he ti(*es the internal saplieii.iu, a^ \\idel\ as possible, l[i\’s it 
on the saitorioiis luuside. :ind Iniilds a musfiilar ciinal lor it b\ .suturiiiff the 
latter around it. llis results ;iri- said to be auod. 


( IIOICI OK M I I IIOI> 

The. ehoiec of niethial ilepemU hu'.'eK iipnii tlii‘ (‘\tent and tvpe of the 
varieosities. Subeutaiieons reinova! bv M.i\os dis^eetor. Ilabi'oek's prolw', or 
the inversion uu'thod el .Mauionrian work> \erx \m'II iI tin* \eins .are ihiek 
walled iuid not veuw tortuous jnid a<lbi'reni. lint linn \viillid \'eins, tortuous 
and adhenuit. iire best reimecil b\ open exci'ioii. \\ lieic the skin is Ihininal 
out and fli<‘ subeiifiim'ons fat (bill norinalK lie^ between it iiml the vein lias 
been rephiei'd b_v librous tissue resultiiur (lom elnoini’ jk rijililebilis it is more 
sati.sfaetorv to remove the skin iiml veins ,aoiss. down to the deep fiiseiji, 
freeino the Haps sullieieiilly to brim: them together without leusiou. The 
hif>h li<ralinii in the fhiyii mav properlv be adiied to any of these procedures 
where Trendelenburg's symptom is jire'eni ; and, in mild eases, it alone may Isi 
aullieieut. d he reimplanlat ion o( the s.i|ibeiions i- siiiiable only for ejises t'X- 
hibitiiifT 'rreiidelenbury's symptom; ainl. imoimieb as the oilier simpler op<*ra- 
tions are siifer and more sali-faelorv in alieo-i ;ill ea>es, if properly iind ihor- 
oujjhly carried out, the s;tpla'iio|emor;d an.i-tomo,is by suture wsans hardly 
justifiiihle. It hits been piaetieed little, if at idl. in this l■ountry. 'I'he eireular 
incisions of Seliede iiml \Hn \\Cn/el do md iipjwiil to me as beiiiy uineh more 
rational than the wearing of one or tw'> liLdit. eireular mirters; but the com¬ 
plete s]>iral of llimltlei'i-li and |•'rn■de| ba^ eiveii pood results in properly 
selected eases, ami should be re'crMsI for iboM- wliere there are exteiisivo 
varicosities with nnirked peripldebiti.,. varieoM- ulcers, and eilema. 

Tho ojienition of exei'ion is sini|ib- but li'dious ami, with the exception of 
the suture anastomosis, all the other melliods are easily jicrfonmal. 'I'he only 
danp:er8 that are to be fciired are infeeiion, wbieh, of course, is more liable to 
oecnr in ill-uouri,she<i ti.ssue. siieh as tlml In the varieotie, area; and e.mlKilisin, 
which is fortunatclv very riire. .\ eiTliiin amount of necrosis of the edf^j of 
the wound inarpiiis is not infre<piently .-een, dm* probably to the destructioTi of 
their blond .supply in undcrmiiiim: th<-m. 

Goerlieh repirted - ca.sc.s of pulmonary emlKtlism in 117 ojierations done 
bx' Trendelenburp^s method, ami collected in all S ca.ses, followitifj various 
operations for varico.se vein.s. 
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Wilson says that (1) from 1 to 2 per cent, of all cases of blood vessel opera¬ 
tions give more or less distinct (dinical evi«lence of emboli, over 70 per cent, of 
which are pulmonary; (2) probably about 10 per cent, of cases of postoperative 
emboli are fatal; (-i) autopsy shows about W) per cent, of tliese emboli to rise 
from venous thrombosis; (1) in over 12 years at St. Mary’s Hospital only 1 
fatal case of embolism followed pblebectomy of varicose veins of leg; (5) in 
1,372 operations on blood vessels during the same period there were only 2 
deaths from embolism. (Ine of these was cerebral, the other pulmonary. 


ItKsur.T.s OK Tkkatmknt 

Matas quotes Gocrlicb, who wrote that in 1,42r) cases reported by 42 
operators he found 6.') jior cent, to S.") per cent, of cures after ligation of the 
internal saphenous. 

Miller reports 70 per cent, of cures by Trendelenburg’s operation in 41 
cases at IIuKsted’s Clinic. 

Perthes reported 7S per cent, of cures by ’rreiulelonburg’s operation in 
Trendelenburg’s Clinic. 

The Schede operation in .lobns Hopkins (Minic gave 33 per cent, of cures 
in 10 cases. 

“Relapse,” says Matas, “is more likely to follow the single linear division 
of veins than the more thorough e.xtirpation.” Nevertheless, tin* secondary 
dilatation of small superficial tributari(*s of the e.xtirpated veins, the re¬ 
establishment of direct cn<l-to-end comtnunicatiou through the scar, especially 
after ligation, and the regeneration of veins will cause a certain percentage of 
relapses oven after e.xtensive re-section of veins. • 

Jeanncl is quoted by Uinnic as taking the high coiieeption of “cured” to 
mean the restoration to the patient of a “healthy, vigorou.s, painless limb.” lie 
says that out of 097 limbs operated on by (1) Trendelenburg’s operation, or 
its variants, 50 per cent, wore cured; (2) out of 23 limbs in which was done 
resection of the whole femoral )>art of the ii\ternal sapbenon.s, 52 per cent, were 
cured; (3) in 70 limbs e.xeision of isolated varices cured 71 per cent.; (4) 
resection of all or most of either the internal or the external saphenous (but 
not both) cured 40 per cent, of 57 limbs: (5) Trendelenburg's (or variants) 
plus multiple re.section and ligation cured 00 ])cr cent, of 95 limbs; and (0) 
complete sapbcnectomy cured 95 per cent, of 77 lind)s. 


OFEBATIONS TO FBEVENT EMBOLIC INFECTION 

It should be well understood that venous thrombi are potentially far more 
dangerous than those in arteries. The latter, if we except the pulmonary 
artery, can, at worst, load immediately only to the destruction of the part sup¬ 
plied by its branches; while venous thrombi, by fragmentation, may cause 
instant death through embolism of cerebral vessels. Moreover, they may, if 
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infected, give rise to jivomic al>s«vssivs from soptii- i>ml>oli in tin* most distant 
parts and tissues, or furnish the l.asos of aii iuhviivo o.i.l.var.litis. 

For these reasons c-onsidor:il.h‘ aif.-niion I,as lal.-h lavn -ivon to the op¬ 
erative treatment of infeeiivo phlel.iiis. l.mai..,,, an.l' . xeision of the internal 
jugular to prevent disseniination of intention in cases of siinnoid sinus throm¬ 
bosis is a x\ell estahlisln-d jiro<-cdnre; wlulc similar treatment of the ovarian and 
uterine xeiiis, in eases ot |iel\ie thromhosi^ nl oepiie orimn. lias reeiuitiv Ixs'u 
reported b\ riellett. Mori'over, Xeiilmi has ilone some <‘\|H'riniental work in 
testing the praet ieabilitV ol Imation ot tlie portal ii in with a vic-w to its njipliea- 
tiou in the treatment of snjipurative p\ lephlelm is. 

A\ hatever its situation, the principle in the operative treatment of infix'tivo 
throinb<ij)hI<*hitis is tin* same: to !i:;.iti' the \em on the eardiae sid«' of the 
diseased ]iro<*ess, ami ('vaemite the clot, or to Imate it hoth eeiitrallv ami dis- 
tallv and e.xeisi* the si'emeiit hetween. Iliimie (pintes rremieleiihiirg as rivonl- 
ing a ease of “general, ehronie piierper.ii mti-etinii winch ri'eoviu'ial after liga¬ 
tion of the intlanied ami tliromhosed right internal iliac ami spermalii' vimuh." 

iaix mentions :20 eases reported operated lor pelvic thronihosis from tho 
clinics of I'reiind, 'I remlelenliiirg, Michel, llnmm. Ilaekel. ()ph/., and l*'ri«‘d- 
man, of which 7 reeoverc'd a <i."i per cent, mortalitv. Ihimm puts the mor¬ 
tality of m)n-op<'rate<l eases at per cent. Diemiiier reports easi's operated 
for mesenteric thronihosis with ■"> recoveries s;, j„.r cent, mortality. 

UI. OPERATIONS UPON CAPILLARIES 

OPERATIONS TO CHECK BLEEDINQ 

Local Coagulants. I.oeal eoagulauls ina% sometimes hi* used with advan¬ 
tage to cheek eapillarv oo/ing. < >f these the most eommonl.v usisl at jirem’iit 
are hot water, Indrogen jieroMd, and adrenalin. (lelatin is excellent also, hut 
not so simple to jirejiare and use. 

ADRENALIN.- -.\dremilin is used as a solution in tho strength of 1:1,000 
applied.on a gauze or cotton sjionge. or sprayed from an fitomiz.er. It is par- 
ticularlv useful in cajiiilary hleeding from the miieous memhratie of ear, noarj, 
and throat, or ahrnded skin surface. 

HYDROGEN I’EHOXID lI\drogMi [leroxid is useful in isizirig of largo 
wound surfaces upon which it nia.v he jioured or applied h.v sponges. 

HOT WATER.- Hot water should he use<I .at a temperature not over 140, It 
may be .sponged or poured on the oozing surfai*e. 

GELATIN.- flelatin in f>er eiMil. or 10 per rent, solution, dissolved in 
normal saline heated from 10' to GO <is a|)plied to tho hliH’dirig surface, or 
packed into the wound on a saturafc*d gauze eoni[ireHH. Tho possibility of 
tetanus infoetinii from tin's sourer* nf*ec*s«itati*s tho previous [K.*rfeet steriliza¬ 
tion of the gelatin. Kipial [larfs of tannin and antipyrin in a gauze saeliet have 
been recommended by Park as a local hemostatic in bleeding ulcers of malig- 
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nant neoplasms. Matas advises gauze compresses wrung out of a 5 per cent, 
solution of antipyrin to cover oozing surfaces or pack cavities, and sachets of 
compound alum powder (Squibb’s surgical powder) to pack bleeding cavities. 
Combined with any of these local coagulants, calcium cblorid, 1 to 2 grains in 
a neutral solution of 1: 2(J strength injected deeply into the tissues, and in 5- 
grain doses by mouth or rectum, will materially aid in reducing coagulation 
time of blood. 

Gelatin, in the form of Carnot’s solution, is said to have the same effect 
when injected intravenously (100 to 200 c. c. daily at 37° C.), and thyroid 
extract, taken internally, has been recommended for the same purpose by 
Taylor. 

Packing. —Packing with sterile gauze is undoubtedly one of the most effi¬ 
cient means employed to check oozing from the walls of a wound or cavity. It 
should not bo too tight, and should l)c soaked with peroxid or sterile saline 
before being removed on the second or third day. The actual cautery, licated 
by burning benzin, or by electricity, is a most efficient agent in controlling 
capillary hemorrhage. The objec.t of (Cauterization is to produce a burned 
crust sufficiently strong to withstand the pressure of the blood, and for this 
purpose it should bo used at a cherry red, not white, heat, in order to cook the 
tissue slowly and thoroughly, rather than reduce it to an ash. This crust must 
not be disturbed until the vessels beneath it have filled up with clot, or bleed¬ 
ing will recommence. 

Ligation en Masse. —Ligation cn masse may be practiced as described in 
ligation of arteries en masse. This for the purpose of chwking capillary ooz¬ 
ing in parenchyma of organs such as liver, spleen, and kidney. 

OPSSATIONS TO OBLITEBATE THE VASOULAB OHANHELS IN SMAIJi 

ANOIOMATA AND NEVI 

Excision. —Excision of small nevi is easy, the flaps of the woujid being 
readily brouglit together with sutures. Larger nevi, when excised, may leave 
an area denuded that has to bo covered by a plastic operation, or by skin graft. 
The incision should pass only through healthy tissue, and hemostasis must be 
carefully attended to. 

Preezing.—Freezing is the treatment par- excellence for ordinary nevi. 
The freezing may be done by liquid air or by carbon dioxid snow. The latter 
is easier to obtain. If liquid air Is to bo used make a firm pad of cotton on a 
small stick. Dip the pad into the liquid air. Shake off any l(X)sc drops of the 
liquid. Press the charged pad with moderate firmness on the nevus for a few 
seconds. Repeat the process in every part of the lesion. Apply no dressings. 
All scabs must bo removed pri(^r to the treatment, and if any raw surfaces are 
present they must be covered with thin gauze, otherwise the applicator would 
freeze to them. 

If carbon dioxid is to be used, a cylinder of the liquid is obtained, a paper 
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cone constructed and held in front of tljp outlet while the valve is slightly 
opened. The liquid condenses ininiediiitely into snow, which is dcpoaitiHl into 
the cornucopia, making a cone-shaped mass of snow. It may Ixi whittled to n 
sharp point and held in a thick layer of pajH'r with the point protruding. 
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This should he pressed firmly against tlu' growth in .several phice.s for a few 
seconds at a time. No aiie.sthesia or dn'ssings are m'cc'ssary. With liquid air 
or carbon dioxid the treatment may have to he repeated several times. Too 
long application may cause extensive sloughing. 

Ligation.—.Angiomata of the scalp may l>c .snrroninh'd hy a chain of siib- 
cutaneoua ligatures (using fnll-eurved needle for advance and (piarler-eurvod 
for return part of stitch), which cure hy cutting oiT the hlood supply in the 
main vessel (Fig. 8.3), or a purse-string 
suture with 4 loops may be used to strangu¬ 
late the growth (Fig. 84). 

Injection.—Injc<'tion of astringents, 
cauterization, and scarification, mctliods 
fonncrly much in use, arc not ai)proved 
at the present tiinc. Acnj)nnctnre, or 
needling of the nevus, is a method still 
occasionally used. It is painful and giv«H 
rise to a certain amount of scarring, hut 
it is efficient. The needle is heated to red¬ 
ness by electricity. It should be intro¬ 
duced slowly and cautiously to avoid hcinl- 
ing, and should be removed slowly to avoid 
hemorrhage on account of the cookcfl tis¬ 
sue sticking to the needle and Ix'ing torn 
aifray with it. 

Wyeth has treated arterial, venona, and 
capillary angiomata with injections of boiling water, under general anesthesia. 
For capillary growths ho advises water at about 1!)0° F., throwing in 2 to 0 
minims at a puncture, and beginning at the periphery of the growth and work¬ 
ing toward the center. A surgical dressing is then applied and the part kept at 
rest. The injection may be repeated in 7 to 10 days. 

Desiccation.—Desiccation, the electric desiccation of vascular nevi by high- 
frequency currents, is said by W. L. Clark to give very excellent results. He 
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advises that the destruction of the nevi, unless very large, should be completed 
at one sitting. In superficial lesions new skin is formed. Deep lesions are 
replaced by scar tissue and skin. To avoid cupping, irregularities of the sur¬ 
face, and possibly keloid formation, care must be taken to destroy the tissue 
perfectly evenly, and not tof) dc(;ply. Tlie desiccation action is apparently a 
rapid dehydration of the tissue, rupturing the cell capsule and converting the 
treated area into a dry mass. Penetration of the tissue is said to be from a 
small fraction of an inch to 1 inch or more, depending upon frequency, dis¬ 
tance of electrode from body, time of exposure, and density of tissue. It de¬ 
stroys tissue without oi)euing blood or lymph channels and acts as a styptic 
when there is oozing of blood. The dry crust acta as a dressing and separates 
in 3 to 7 days and skin rogeuerati«»n is said to take place beneath it. 

The treatment is not very painful if appli(“d with the proper technic, but 
local anesthesia may be needed, or, in rare cases, general anesthesia. 

A. Schuyler Clark recommends the Kromayer lujlit as being excellent for 
“port wine marks.” 

Choice of Method.— 'I'he choice of method will undoubtedly vary with the 
individual operator. l.i([nid air, carbonic snow, desici'ation, etc., all give ex¬ 
cellent results in the majority of cases, but all three require soTne experience 
for their proper application. Ex<dsion is far less used now than it was formerly, 
and should only b<! employed in tho.sc; cases that prove refractory to the less radi¬ 
cal forms of treatment. Needling is painful, and hot water injections arc too 
risky to bo recommended. 

There is little danger in operating upon these capillary growths, for hemor¬ 
rhage from them is usually moderate in amount, and easily checked by pres¬ 
sure. Oozing may bo obstinate, however, after excision, and hemostasis must 
bo carefully attcuded to on account of the bad effect of loss of blood in young 
children. 

Results are excellcut, cures being practically always possible, but not 
always possible without scarring. 


OPERATIONS UPON THE LYMPHATICS 

HANDIiEY’S OPEBATION 

For the rci'stablishmcut of lymph drainage; intractable edema of the ox 
tromitics, due to blocking of lymphatics, followiTig chronic inflammation; 
presence of filaria; Le Dautec’s “dennodoeeus” (diplodoccus) ; scar forma¬ 
tion after excision of lymph-uodes, etc. The operation consists in establishing 
artiflcinl channels for lymph drainage from the edematous parts as substitutes 
for the natural vessels which have become obstructed. 

Beside the usual dissecting instruments, several long-eyed probes and sev 
eral lengths of No. 12 tubular, woven silk are needed. 
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Hnfl a 1 iiid» incitiion tlinnifrli fho skin in tho Jiiitl 

tissiio to the point h ( F,- S:.) the elhow. In- 
CISO tho akin over it tliere iiii.l push the point of in-oho 
out. (3) Take a double line of X,i. lo silk fwie<* aa 
long as tho arm; catch its n,i<i ,,oint witl. hennwiat 
and wrap ono-half up in sterile towel, ihiva.li,,- fnv 
end of other half through eve of probe. Full pn.l.e 
and silk with it out of incision b ( Fig. s:, i. .\ ,|.,nbl.> 
lino of silk now lies in subcutaneous tunnel a b ( Fiir. 

8o) made by probe. (4 l Ib-introdin-e prob<> tbroneli 
incision b and bring .silk out through in.-isio,, .1 ma.I.' 
near insertion of deltoid. C.) Fa.ss a se,-on,l probe 
through Incision a upward and inward, and make it 

('in<*rge Ibrongb in 
cision e. 'I'lie half of 
silk liiu* which was 
wrapped in towel is 
now unwrapped and 

_ threaded through the 

i .y-' eyi* of the prolx*. 

^ Full ju'obe and silk 

out throngli incision 
e (Fig. sr.). Ive- 

niov«* bemo.stat from 
silk so that loop be¬ 
comes bnrietl under 
skin at a. ((!) In 
.same fa.sh'on jiass 

silk under skin from «■ to d. Itcintroduce both 
proix's thiomdi d and j)a'S them, under tin* skin, 
rounil the shoulder to emerge thniugli incision f 
at po.'-ferior boriier of deltoid (Fig. Hd). (7) 
In similar fashion, bury a double line of silk 
under skin of back t»f arm along lines of j, h, f 
(big. Hti), ami j, k, f (Fig. Hti). 'fhere arc 
now S threads emerging tbrougb f. (S) Take a 
long probe, cut (mds of two of emerging threads 
so that tliey are 4 inches shorter than it, and 
thread them into tlic r-ye. I'brust probe, eyo 
first, through incision f and make it penetrate, under skin of back. 1’hc probe, 
being longer than silk, unthreads itself. Withdraw probe carefully, leaving 
thread to occupy its track. Repeat tho maneuver until all the thread** emerging 
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80 .—Handley’s Opehation. 
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at f are buried in various directions into subcutaneous tissues of back. (9) 
Close all incisions with sutures. 

Handley states the contra-indications to the operation (after carcinoma of 
breast removal) to be: 

(1) When general anesthetic cannot be given. 

(2) Where threads would have to pass through cancerous tissue. 

(3) When there is growth present about the shoulder, and pain in axilla, 
or lancinating pain shooting down arm (i. c. nerve plexus pain). 

(4) Ho says that benefit is transient in cases where secondary growths, or 
pleural effusion, are present. 

(5) It should be reserved for severer cases of lymphostasis. 

Lower Extremity (Klephantiasis, Miiroy’s Disease, Congenital Edema, 
etc.).—The technic of the operation is similar to that in upper extremity, 
but its accomplishment is more difficult on actcunt of the thickened, irregular 
nature of the skin; and infection is more liable to follow on account of me¬ 
chanical difficulty of getting a clear operating field. 

The Face. —Mitchell did Handley’s operation on a case of solid edema of 
eyelid, following a severe attack of erysipelas that had resisted all ordinary 
treatment. The operation was performed as follows: 

By means of a small curml incision in upper and lower eyelid, near 
mesial part, and another lateral to outer canthus, coarse strands of silk were 
carried beneath the skin of both eyelids beyond the outer canthus. From 
there they were led subcutaneously downward, by means of an incision lateral 
to the angle of the mouth, and finally the buried ends left beneath the skin of 
the cheek near the ramus of the lower jaw. 

Mitchell performed a similar operation on a patient with solid edema of 
the side of the face and the lips, following erysipelas, by burying 2 silk threads 
with their upper ends in the masseteric region and their lower ends tucked 
into the loose tissue behind the clavicle. Results were good in both cases. 

Asoites. —Gerrish says: 'Mn a case of atrophic cirrhosis with ascites Hand- 
ley passed a stout needle, threaded with silk such as he used in lymphangio- 
plasty, in and out at a number of points through the peritoneum and subjacent 
tissues of right iliac region, leaving several series of short loops projecting 
into the cavity. The ends of these threads were pushed into the areolar tissue 
of the front of the thigh, passing near the anterior superior spine of the ilium, 
and behind the inguinal ligament. The immediate result was not satisfactory 
and another paracentesis was needed, but ultimately great benefit ensued, 
seeming to justify extensive trial of the method.” 

The operation of lymphangioplasty is simple and easy, and the dangers 
are relatively slight. Infection occurred in one of Handley’s cases done for 
lymphedema of the lower extremity; and in one of Mitchell’s cases done for 
edema of the eyelid ope line of silk had to be removed on account of the “irrita¬ 
tion” it caused. 

The results, however, were good in almost every case, and it is unques- 
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tionably the best treatment now known for the relief of the painful^ intractable 
lymphedema following operations for carciuonui of the breast. 
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A SPECIAL METHOD FOB TIIK TRANSFUSION OF BLOOD WITH THE USB 

OF PARAFFIN AND HIRUDIN 


Ransom S. HooKKit am> Iii;.MtY S. Satterlek 

For tho purpose of the prcspiit discussion it. will l>o sufliciont, after a short 
historical outline, to sninniarizc. the main theoretic principles underlying tho 
authors’ methods of transfusion, to hrielly indicate the exporiinentnl data 
which support these principles and which have served as a basis for tho dovol- 
opnicnt of their apparatus and tc’chnie, and linallv to ih‘s<‘rihe tin; pracdieal 
operation of transfusing bloo<l by these nu'thods. bor tbo.se who seek general 
information on this and correlated subjects, tlnu'c is appended a cdassilied 
bibliography of the refereuees which we believe to Ikj t»f most interest and 
importance. 


HISTORY 

The idea of transfusing fre.sh human blood through tho agency of an inter¬ 
mediate receptacle, or carrying s\stem, a])i)ears to have origiiiatt^d in tho 
minds of several persons shortly after the discovery of the eireulation of tho 
blood by Harvey. To Francesco b'olli, in n>"*2, is ascribed a plan of trans¬ 
fusion, 'by means of two cannulas unite.l eitln-r by a piecre of intestine, or by 
part of an artery having a eollatcoal outh-t to provide f(.r the cs<-apo of air 
(Casse). Chcrcau (piotes Robert des (Jabets, a Renedietine monk, as propos¬ 
ing, in 1658, the employment of a transfusion apparatus which ho had con¬ 
structed 7 years previously. I'lie apparatus was .leseribed as 2 silver tubes 
united by a small leather purse, the size of a nut; each tube provided with a 
valve so that the leather bag would serve as a pump to propel the blood from one 
blood vessel to the other; it was also mentioned that tho bag would servo the 
purpose of measuring the amount of bbsid transfused. There is, however, no 
record that this device was ever actually employeil for transfusion. 

The first authentic account of the transfusion of blood through a foreign 
carrying system was tho experiment performed by Richard Lower (37) of 
Oxford in 1666; and, in the following year, the report of a similar experiment 
by Jean Denys (20) in Paris. I^wcr successfully transfused blood from the 
23 337 
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carotid artery of one dog into the jngnlar vein of another dog by means of 
several quills fitted together to form a tube. This quill method was later 
modified by Lower to a comluctitig system composed of 2 silver cannulas united 
by a section of the carotid artery of a horse or ox, and by this means Dr. 
Lower and Sir Edmund King (33), in 1G07, transferred blood from the 
artery of a sheep into the arm vein of a man. Denys and Emmeretz (21) 
reported 3 successful transfusions by a similar method in the same year. 

Aveling (2), in reviewing the history of transfusion in the eighteenth cen¬ 
tury, says that the recommendation of vein-to-vcin transfusion by Tardy (52) 
of Paris and by Harwood (28), Professor of Anatomy at (’ambridge, in 1785, 
led to the need of a motive ppwer to effect a transfer of blood from donor to re¬ 
cipient; and that Ijoehm (8) used for this purpose a piece of duck’s intestine to 
unite the two cannulas, propelling the blood from one vein to the other by strip¬ 
ping this vessel with his fingers from the donor toward the recipient. Coluzzi 
(14) used, for the same ptirpose, 2 glass tubes as cannulas, connected in the mid¬ 
dle by a small bladder holding about an ounce. In operating, he allowed this 
bag to fill with the blood and then forced tin; blood into the recipient’s vein by 
compressing the bladder while shutting off commnni<*ation with the donor’s 
v6in. These operations, ])robably on account of the difficulty of performance, 
appear to have been attempted otdy in great emergency by the bolder spirits 
of tho time, and gra<lually fell into disuse. 

In 1818, dames Blundell (6) i-evived the subject of transfusion by re¬ 
porting to tho Medico-('birurgi(!al Society of London a scries of experiments 
upon animals, in which ho made u.sc of an entirely new method of transfusion, 
the blood being received into a cup from a vein of the donor, and injected 
into a vein of tho recipient by means of a piston syringe. In tho sixth ex¬ 
periment of his series Blundell reported that Avithout causing any harm to 
tho animal ho had transfuacd 4 pints of blood from tbe femoral artery into 
the femoral vein of a 12-pound dog in 8 minutes, and had repeated this 
procedure twice, with intervals of half an hour, making 12 pints of 
blood ti’ansfused in an aggregate time of 24 minutes. Several years later 
Blundell developed a more complicated instrument which he called an 
“impellor.” 

Scott (51) of Newington Causeway invented a transfusion apparatus 
about this time which is described in tho Lancet of iMay 13, 182(5, as a 
“Read’s syringe into tho extremity of which slides a hollow dcxiblo tube 14 
or 15 inches long, armed with a silver pipe for entering the vein of the emit¬ 
ter. A similar tube is screwed to the lateral branch of tho syringe, and has a 
silver pipe which is inserted into tho vein of. tho receiver or patient. The 
pipes being inserted, and the syringe put in action, the blood is made to pass 
freely froin one person to aTiotlier . . . tho velocity and the power of the 
current being regulated by tho syringe at the discretion of the operator.” A 
successful case of transfusion with Scott’s apparatus was reported in 1826 by 
Joseph Ralph (49), who says: “However formidable and difficiilt the opera- 
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tion may have hitherto seemed, it may ho jx'rformed by tliis instrument with 
the greatest ease.” 

In 1S2!>, lilnndoll (i) iiitnxlucod a furtluT development of bis instru- 
m(uit wliieli he called a “j:ra\Itator.” and wliieli is illustrated and (b'serilnxl in 
the Lancet of June lo. IS2;i. 

The period from IS.’it) to l^SO was siiiiiali/ed by the d«‘v«'l<>pnu*nt of many 
methods for transfusing both animal and bninan blood, fresh and defibrinated. 
Numerous ingenious instruiiumts wer«‘ devised tor this |inrpos«', the forms of 
apparatus conforming to four general t\pes. 

(1) A sim])lo eoiiilueting ssstein providing a din'ct passage from ono 
blood vessel to the other, usually with some eonicivanee to allow tin; escape of 
air. 

(2) A receiver to <*olleet the blood from tin* donor and a means of (piiv’UIy 
injecting this blood into tin* recipient's blood vessel; or, if the blood wen; 
dctibrinatcvl, simply the means of injecting detibrinaled bbxtd into the circu¬ 
lation of the recipient. 

(3) A eondueting system in direct communication with a piston or bulb 
syringe, or with some other means of ]>umping the blood from the donor to 
the recipient. 

(4) Syringe-cannula inetlnMls, having cannulas in both ilotmr’s and re¬ 
cipient’s veins and a syringe or syringes, titting both cannulas, to draw tho 
blood from the donor and in ject It into the recipient. 

Inventions corres|)onding to thesi* four types were advocated and employed 
during this period as follows: 

Type 1. —4'hes<* instruments c-onforni «‘sscntiailv to tin* original apparatus 
of Richard l.ower (KitW!). Other instrnmenls of this class were tho.so of 
Gesellius, Alhini, ('asselli, Morselli, l.nciani and Ore, two varieties. 

Type 2. —'J'he apparatus of lllundell (!>')'') was the forerunner of this 
cla.ss of instrument. \'aricties <d' this type wen* dev<‘loped in the jveriod from 
IStU to 1877 by Ilainilton. I )c Rdina. .Monco(|. .MacI )<mnell, Collin, twt> varie¬ 
ties, Copcllo, llas.se, Oendron, Iluler, (':isse, I terhart and Ore. 

Type 3.—The apparatus t)f Scott in ls2<i was the first practical instm- 
nicnt of this type to be developed and was soon followed by an ada[>tation by 
Weiss in London. In the period 18(0 to 1871 varicti(*s of this class of instru¬ 
ment were employc<l by .\veling, Roussel, Orecco, Lehlond, lai.N’oi’l, Collin, 
.f)re, ^fanzini and Rodolfi, .Mmicoq and .Mathi«’u. 

Type 4. —Probably the first instrument of the syringe-cannula class was 
that of Afoncoq ( I'O in 18t!2; others were those of Mathieu and Ore both in 
1803, and of Graily TIewitt fOt)) ip ISO}. Ifewitt’s apparatus is prol)abIy the 
best representative of thi.s type and warrants a brief description. Tt consisted 
of a simple piston syringe of 2-onnce capacity used in connection with 2 silver 
cannulas. Having o.\po.sed the veins of tlu* donor and recipient, TTewitt ex¬ 
tracted with the syringe 2 ounces of blood from the df»nor as rapidly as pos¬ 
sible, and gently injected 1 to 1 Vg ounces of this blor>d into the recipient’s vein, 
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taking about 1 minute for the injection. Hewitt stated that the transfer of 
blood must take place within .‘5 minutes to escape the danger of coagulation. 


SYBINOE METHODS OF BECENT TIMES 

In more recent times (!ripps (17) improved Avcling’s method by uniting 
2 silver cannulas with rubber tubing to oj)j)o.site .sid(;s of an oval rubber ball of 
2 drains capacity. This conducting system, wbieli was without valves, was 
completely filled with warm salt solution before being connected with the 
blood vessids, and served as a jiump, wbieli, by properly compressing the tubes 
and rubber ball, drew the bbjod from the donor’s vein and injected it into the 
vein of the recipient. 'I’he ('ripps-,\veling metliod has been revived again 
very rct;cntly by MeXlratb (HH). 

In l.S!)2, V. Ziemssmi (bO) advocated a syringe-cannula method which re¬ 
quired one operator and .‘1 assistants. A vein of the donor was punctured 
without akin incision by means of a hollow cylindrical needle and blood with¬ 
drawn into a 25 c, c. piston syringe. While the syringe was being filled, an¬ 
other needle was likewise introdnceil into the recipient’s vein; when the 
syringe was full of blood it was detai-hed from tbe donor’s needle, then con¬ 
nected with the recijiient's needle and its eontmits discharged. .Meanwhile a 
second syringe was altaeh(sl to tbe donor’s needle, as soon as disconnected 
from the first syringe, and the same proc(‘dnre was rcjieated. A third syringe 
followed in the same way, the first one being meanwhile washed out with 
salt solution by an assistant. V. /iem.s.sen reported that tbe transfer of from 
250 to 300 e. c. of blood by this method took not longer than 15 to 20 minutes. 
In tho first scries of 7 eases he stated that he oli.served chills and elevations 
of temperature in 3 instances and that in one of these cases he had trouble 
with a clot in the recipient’s nei'dle which had to be removed. Ife, however, 
considered the method le.ss liable to tbe ri.sk of cau.«ing dangerous coagulative 
changes in the circulating blood, than ti'ansfusion by end-to-end anastomosis, 
or tho use of defibrinated blood, 

Moritz (8!)), in 1011, recommended a metliod which did not raateriallv 
differ from v. Ziemssen’s except that the needles were fitted with stop cocks 
and were connected with the syringe by means of an interm(*diate tube of 
glass and rubber whicb also was provided with a stop-cock. Tmmediatcly after 
each withdrawal or injection of blood, sterile normal salt solution was forced 
through tho needles; the sto])-eocks were closed. Strips of adhesive plaster were 
used to prevent as far as possible movement of the needles wdiilc within the 
vein, niirter (fib) recommends Aforitz’s method and claims to have had success 
with it, although he refers to it as involving a delicate technic. 

More recently Freund (Sfi) has devised a somewdiat similar syringe method 
combining the use of salt solution with an apparatus w'hich is similar to that 
of Manzini and Rodolfi. Freund’s apparatus consists of a 20 c. c. piston 
syringe connected by a two-way stop-cock, with a cylinder of salt solution 
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and with a piece of rul>l)cr tubing Icadinjr to another two-way stop-eock 
which coiniminicatcs by short coniuvtioiis with "J hollow cylindrical ikhkIIos, 
one larjjcr than the other. Honor and rc«’i|>icnt art* t*losc tt^m'thcr ami tho 
apparatus, fastened upon an inclined support, is placinl between them. The con¬ 
nectin'; tul)es and needles arc tilled with salt solution and the larger neeillo 
is intro'luoed into the tlonor's vein. Hotli needles art* held in place with strips 
of adhesive plaster. Iti oporation. tin* blood is pnnipt'd from donor to re¬ 
cipient, in c. c. of blood ini.\ed with I e. e. <d’ salt .sohition. heinj; willnlrawn 
and delivered at each stroke* of tin* piston. 

Lindenian's (■'■'7) method dilTers from that of v. /i(*mssi*n and of Moritz 
in that he has deviseil a sp(*eial set of in\ai;inafei| cylindrical cannulas and that 
a dozen or more syrinjics of 'JO c. <*. i*apaeity ai<* employ«Hl in rapi<l s\u*cea- 
sion to convey the blood frotn om* '*aiinnla to tin* other. .\n improvement over 
the V. ZiemsfM'ii and .Moritz teehnie is the avoidaina' of tranmatiziiif; the 
intinia of tho veins by the many abrading' mov(*!nents within the blood v<*sh«*I 
of a sharp-pointed instrument, ineid(*ntal to the fre(pn*nl eonm*etion ami dis¬ 
connection of tho syiin};i*s. 'I'his f(*atuit* is less(*ned by I.indeman in that tho 
sharp innermost eannnla of his .set is withdrawn Ironi the vein as soon as it 
has done its Avork of p<*nefration. It. should also lx* nn*ntiom*d that the <*an- 
milas receive a pr(*Iiniinarv inl(*rnal eoatiiii; ot litpiiil paralliii. Syrin^t 
methods without sp(*(*ial apparatus have also been rc*port(*d in r(*c*ent yiairs 
by ('ooley and Vauahan (SI) and by Crotti (S.''.). 

Kxcept for tho admixtun* of salt solution no attemjit is imnle, in this class 
of operation, to ])rev(*nt the elottiiiir of blood while in th<! int(*rm(!diat«! r(H*.«!p- 
tacle and no special nu*asur(*s an* taken to pr<*vent or neu(rali/e throtrd) 0 - 
plastin formation. Sue<‘(‘ss in j;(*ttinj; tint blood transf<*rred whih; still in 
liejnid state dej)(*nds th(*r(*fore upon sp(*(*d in eonveyiii}; it from the v(*ss<*l of 
the donor to that of tho rc(*ipient. d'hi! fdement of safety is itiver.sidy j)ropor- 
tionatc to tho amount of thromboplastin which is inj«*<*ted with tin; transfiiwid 
blood, and this apiin do])cnds upon tin* 'h'^inxf ol contact with traumatizcMl 
tissue atid with moistenahh! foroij£n surtaec* during the proc,<*sH of transfusion, 
and is probably also inllm’ne<*d by the (h’iir<*<! of pressure to whic.h tlm blood !*< 
subjected by the action of tho syrinf;o. 


DEFIBBINATED Bi:X>OD 

In regard to tho transfusion of blood aft<*r defibrination a very brief hi»- 
torical note will suffice, d’ransfusiou by this method was proposed as a re¬ 
sult of the researches of l)iclfeuba«‘h I’revost and Dumas f<7), and es¬ 

pecially Bischoff ( 58 ), in the early part of the nineUionth century. Various 
methods of infusing defibrinated blood were adv(M*ated, and tbe procedure was 
from 18:50 to 1880 omidoyed to a considerable extent, if, inde(*d, it was not con¬ 
sidered the method of choice. The intravenous use; of defibrinated blood, how¬ 
ever, fell into disrepute after 1880 , on account of the researches of some investi- 
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gators of the Dorpat school (notably Kohler) (70) which called attention to 
dangerous coagulative changes likely to be induced by the injection of defibrin- 
ated blood into the circulation. For a full consideration of the arguments for 
and against the use of delibrinated blood see Bibliogi’aphy, Sec. II. 

PABAPFm METHODS 

The use of paraffin as an anticoagidant for transfusion apparatus was intro¬ 
duced by Brewer and Leggett (!):>) in 1900, in their direct conduction method 
by means of a paraffin-lined glass cannula. In this variety of operation, 
paraffin has also been employed by Vincent (100) and others. 

Of the methods of transfusion with paraffin-coated receptacles, that of Cur¬ 
tis and David (94) (95), the Risloy and Irvijig modification of this method 
(97), and the method of Kimpton (90) should be mentioned. The first two 
methods are very similar; tho apparatus comprises a paraffin-lined cylinder 
connected by an opening at its upper extremity with a pump for exhausting 
or forcing in air, and at its lower extremity by two opetiings, one leading to 
tho donor’s blood vessel and the other to that of tho i-ccipient. Donor and 
recipient aro placed chisc together and the apparatus connected by directly 
introducing the two tips of tho cylinder within their re.spectivc blood vessels. 
In operation the recipictil’s vessel is shut off by pressure, and tho exhaustion 
of air from the <!ylinder draws the donor’s blood into it. AVhen 50 c. c. aro 
obtained, tho donor’s vessel is shut off by pressure and the recipient’s vessel 
released. Tho forcing of air into the cylinder then drives tho blood out of 
tho cylinder into tho blood vessel of tho recipient. In a discussion of their 
experimental comparison of various methods of transfusion Risley and Irving 
report very favorably on this apparatus. 

Kimpton’s method is by means of a paraffin-lined glass cylinder with an 
elongated and twisted neck. Ilo obtains blood from the donor by incising a 
clamped artery or vein with a cataract knife. The glass tip of his instru¬ 
ment is inserted directly into this incision. Tho clamp is then rciUQvcd and 
the cylinder is allowed to fill by tho force of the blood current. When the 
eylindcr is full the clamp is reapplied, the tip is removed from the artery or 
vein, and the cylinder is carried to the recipient in the horizontal position, the 
twistwl neck acting ns a trap and preventing the entrance of air through the 
tip. Tho recipient’s vein is entered in the same manner as the donor’s blood 
vessel and tho blood is delivered by forcing air into the cylinder with a 
cautery bulb. 

THEORETICAL CONSIDERATIONS AND PRINCIPLES UNDERLYING 

THE AUTHORS’ METHOD 

It is apparent to anyone who has given it consideration that a large field 
of usefulness would be open to the operation of blood transfusion if it 
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be performed safely, quiekly, and surely by anyone jwssessing ordinary sur¬ 
gical skill, and, if possible, without exjH'rt iissistane(>. The »«ne w'rious obstacle 
in arriving at a safe and simple nietluul of transfusing bliHHi is (he element of 
coagulation. If this ohstaelo can 1 m; fairly iiu't and overeonie all diflieultiea aro 
solved. 

With these considerations in view, and from a stiuly of the more reetutt 
investigations on the nature and signitieanee of the factors «‘onc»'rned in blood 
coagulation, there appear to he two ways of approaching this problem which 
offer some promise of success. ( 11 ti>. 177-ITS, 127-1.‘M), l.M.) The first 
way is to preserve the antithromhin-prothromhin halam'c of tin* carried hl<Hul 
by preventing access or formation of thromhoplasti<* snhstaiK'e, which is tho 
initiating factor in spontaneous coagulation. The second way is to atfeet the 
antithromhin-prothromhin halam-i* of the carried blood by n(‘iitrali/ing tho 
thrond)op1astic stihstaiu'c and thus previMiting its diviTting action upon tho 
normal antithromhin, or, in other words, to reinforce the antithronddh side of 
the balance by addition of tin* necessary element to olTset the anticipated action 
of thromboplastin. 

Tho authors of the present methods accordingly ]danned two lines of ex¬ 
perimentation, based on these premises, to overeonie the clotting dillieulty, and 
at the same time to devidoji a practical technic of operation. 

The first of the.se alternatives is to emphiy an int«*rme<liate carrying sys¬ 
tem for the blood, lined thronghont with parallin, and thus to provide no point 
of contact with anv inoistcnahle surface; .ind at the same time to tninimiiso as 
far as possible the exjiosure of brok(*n tissue surface to tin; blooil Htreiiin in 
the process of obtaining blood. 

Tho second alternative is the emjdoyment of a sullicicnt amount of some 
physiologic agent, as antithrombiu or liirmlin, to restrain or otfset the initia¬ 
tive factors of coagulation, during the time of the conveyance of the bhwd 
through a foreign sy.stcm, such as glass and metal. 

For a detailed de.scription of the experimental work which has led to tho 
development of the authors’ methods of transfusion, tho n*ader is referred to 
previously published work (!>8, !tt», As a result of the earlier part of 

this work there appeared to he two main inlluein-es whiidi tended to produce 
coagulativc tendencies in blood transfu.sed through tho agency of an inter¬ 
mediate receptacle, • 

(1) The admixture of thromboplastin derived fr<»m wounded tissue, and 
more particularly from the wounding of the donor’s bloml vchscI. 

(2) The liberation (A thromlKiplastin from the fonned elements of tho 
blood itself, especially the platelets, caused by disintegration or abrasion of these 
elements while in pr(x*o.ss of transfer. 

With tho present metlnMls and apparatus (he first cfintingcncy is avoided 
by penetrating the donor’s vein with a cannula which, by a jet of salt solution, 
is immediately washed clear of any contaminating tissue juices which may bo 
carried into it by the act of removing tho obturator or trocar. This cannula 
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servo^! as a protective sheath through which to introduce the tip of a pipet 
directly into the blood stream of the donor without contact with the wounded 
wall of the blo<Ml vessel. To avoid abrasion of the intiina of the donor’s vein 
by the tip of the pipet while drawing tKc blood, this tip has a blunt extremity 
with its opening in the direction of the blood current. 

The second set of factors just mentioned has been met by having the tip of 
the pii)et of as largo caliber and as .short a length as practicable, and by ex¬ 
panding its channel as rapidly and as evenly as possible (Fig. 1) ; also, by 
having an intact paraffin lining throughout the instrument to provide a non- 



Fio. 1.— Sbctional Vikw or Lowbh Part op Pipet. Tip (.cylindrical portion) of 14k. fcold, seamless 
drawn tubiiiK 17.0 inin. (0.07 in.) Ioiik; ext. diam. 2.32 rnni. (0.091 in.); int. diam. 2.03 mm. (0.080 
in.); soldered into tho funnel (lortiun of the tip at an aiiKle of 45°. Tip (funnel /lorlion) of coin silver, 
interior taperoil from 2.03 inni. (0.080 in.) to 10.20 inin. (0.402 in.), flanged externally at larger 
extremity to fit coupling. Coupling of brass nickel-plated, mud<! from a section of 15.875 mm. 
(0.625 in.) hexagon rod, drilled and thrcadeil to fit bushing, and flanged to form swivel union with 
tip. Bmhing of same material as coupling, tapered internally from 10.20 mm. (0.402 in.) to 12.75 
mm. (0.502 in.); ext. diam. 13.71 mm. (0.540 in.), threaded at lower extremity to fit coupling. 
Cylinder blown from Jeaa gloss tubing 54.0 mm. (2.126 in.) ext. diam. Neck of cylinder 25.4 mm. 
(1.0 in.) long, with internal diameter tapered from 18.26 mm. (0.7187 in.) to 16.67 mm. (0.656 in.). 
Anglo of neck with long nxis of cylinder is 30°. Asliestos packing made by wrapping around the 
metal bushing a piece of asbestos tape 25 mm. (1.0 in.) wide and about 0.4 mm. (^f in.) thick. 


moistenable wall which reduces surface friction in the carrying vessel to a 
minimum. As an alternative to the paraffin coating, w'o have employed a coat¬ 
ing of hirudin solution, to act as a neutralizing agent for thromboplastin de¬ 
rived from tho formed elements of the blood at tho zone of contact with the 
wall of tlio pipet. To diminish friction, we have also limited the spieed and 
the force with which the blood can bo drawn into and expelled from the 
pipet, by employing a method of mouth aspiration by the operator. It may 
be stated in this connection that wo have tried various mechanical means of 
withdrawing and injecting the blood, such as Politzer bags, piston plunger 
syringes, etc., and that mouth aspiration is to be pi^erred to any of th^ moire 
forcible methods. 
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METHOD OP OPERATION WITH PARAFFIN-COATED PIPET 


inbtbumsnts 


An ordinary scalpel, a sinnll and very sharp knife for ineisin}; tho 
blood vessels, scissors, serrated forceps, inovis»*-t».>oth t)r lixatiou forceps, 



Fio. 2. —DoNon’s Cannula. 14k. koIiI wnmlf.'n* tiilniiK, '.’.ho miiii. (O. Ill) in.) i-nt. tiiain. and 2..34 mm. 
(0.092 in.) iiit. diam. Cannula i.s 1.5 nini. (0 .V.» in.l Ioiik, Ih-vi-IIimI at diMal rnd and (lan-d at pnw- 
imal end. Lateral arm 20 mm. (0.7!) in.) lonu. jinmiiK oaninila at anale of .'10'’, at, 6 inm. (0.197 
in.) from proximal end. Phm of 10k. nold. diam<-ter to (it pniximal end of eaniiula anugly; wire 
handle. Obturator of glass rod, 2.2(> to 2.30 mm. (O.I)K!) to 0.091 in.) in diameter. 

several mosquito clamps; dtnior’s ejtnnnla with oldurator and ping (Fig. 

2) ; recipient’s cannula and obturator of appropriate size (or 2 sizes may 



F)(0. 3.—Recipient’s Cannula. Proximal part is of 14k. gold seamless tubing, same diametart u 
donor's cannula and of similar construction. Into the distal end of this is soldered a platinum- 
iridium cannula of smaller caliber which may vary in sixe and length according to itKiuirementa. 
The sixe found most useful is 15 mm. (0.59 in.) long, 2.05 mm. (0.080 in.) ext. diameter and 1.78 nun. 
(0.070 in.) int. diameter. Cannulas of smaller diameter may bo used for smaller veins and for pene¬ 
trating the skin. Obturator is made of 10k. drawn gold wire of a diameter to fit the platinum can¬ 
nula and of a convenient length for handling. Tho stop on tho obturator is made to fit into the 
flared end of the cannula. Prom n point 5 mm. from the slop to a point near its extremity, a flat 
surface is ground upon tho obturator 0.5 mm. (0.02 in.) deep. When tho obturator is fully seated 
in the cannula, this surface provides a channel extending 0.6 mm. (0.02 in.) beyond theshortorlip 
of the bevelled end of the cannula when the handle of the obturator is turned in the same direc¬ 
tion (see Fig. 0). With this arrangement it is apparent that the distal opening of this channel esn 
be regulated by rotating tho obturator within the cannula, and this provUes a means of controll- 
tOf the diaehargo of salt solution. When fully open, about 60 drops of salt solution will flow per 
aiiaiite with 6 feet of hydrostatic pressure. Trocar is made of 10k. gold wire of same diameter as 
tbs Obturator, and is provided with adjustable stop. 
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be prepared in readiness) (Fig. 3); needles and silk for suturing skin; 
hypodermic syringes and needles for local anesthesia. A Michel forceps 
is also useful fur holding the cannulas. 


APPARATUS 


One or more pipets, coated with paraffin under sterile precautions and 
provided with cotton air filters and aspirating tubes as shown in Figure 4. 
An irrigating apparatus for 2 liters of salt solution with a system of rubber 



Fio. 6 . — Irrigatino Apparatus. Copper vessel, 
heiivily liniiod inside and ouisidc, of three li¬ 
ters enpiieity, with outlet made from block tin. 
Outlet liM a larger tubulation above for in- 
.sertkin of nhvas gauge-tube and thermometer 
and a smaller tubulation below for attachment 
of rubl)er tubing. An electric heating plate serves 
as a support and is attached by an arm and set¬ 
screw to an iron rod, which latter is fastened 
into a east-iron foot-piece. A sliding sleeve of 
celluloid can be moved to any position on the 
gloss gauge and is graduated in c. c. to meas¬ 
ure the discharge from the vessel at any level 
of the fluid. 

bag may be sterilized and used for 

this purpose. The salt solution should bo prepared as for any intravenous saline 
infusion and the source of supply should be at a height of from 4 to 5 feet from 
the outlet. A pneumatic cuff, similar to that of a blood-pressure apparatus but 
about half as wide, with an inflating pump, is useful for constricting the donor’s 


tubing, having a double distribution 
by means of a Y connection and sep¬ 
arate stop-cocks for donor’s and re¬ 
cipient’s cannulas as shown in Fig¬ 
ure 5; or a separate supply of salt 
solution may bo used for donor and 
for recipient if in separate rooms. 
An ordinary 2-quart rubber douche- 
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arm; or a piece of heavy rubber tubing with a largo clauip may bo used for this 
purpose. 

OPERATION 

The donors and recipients vessels an* s(*le<*te«l f»u* fbeir size and pronii* 
nenco and the close proximity (»t a val\«’ sli(iiil<] Ik* I’arefullv avoi(le<l, as this 
may interfeic nith the satislaetory aetion »>l tbe I'aiiiiulas, Tlie ti<*ld of opera* 
tion is painted with tincture of io.lin ami tlicn wa'.lie.l olT with alcobol. The 
veins at the bend of tin* elbow an* usually tin* most s«*rvit*eabb'. if tbo re¬ 
cipient 13 a young child tlic external jugular vi*iu is »tftcn tbe best vessel to 
select and this may be i*nten*d by a ''Uiall si/.c troi-ar and cannula without skin 
incision, or through a very small ni<-k in the ski)i. 



Fio. 6. —Recipient’s CANNUI.A wiru OiiruitAroH in N'i.in. SIh^wmik (lrui>-iiiiitilluii<in of Mill sulutioii. 

Local anesthesia for the exposure of tin* veins in recijiient and donor is 
produced in the usual way with a 'i ]ien cent, novocain .solution and about 2 
to 3 cm. of both veins are cxposcsl to \ iew and the ve.ssids thoroughly denuded of 
their fascial .sheaths to facilitate penetration. 

The recipient’s and donor’s cannulas are now connected to their rcsiicctivo 
cuds of the irrigation a])paratus b_\ rubber conm*f*ting tubes of small caliber, 
all stop-cocks are opened, and salt solution is allowi'd to How through the can¬ 
nulas to expel air. The obturators are then inserted in their respective can¬ 
nulas, and the cannulas dipped in sterile li(|uid jiarailin. The rec/ijiicnt's vein 
is first entered with the recipient's cannula in the direction of the current. See 
figure 6. 

It is important to enter the vein at a point well away from the center of its 
exposed portion, so that the position and direction of the cannula when inside 
the vein may be seen and controlled. 

The most simple and certain way of entering the blood vessels of lioth 
donor and recipient is by means of a small incision through the wall of the 
vessel. This incision may be made with the point of a small sharp knife. The 
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size of the incision should be gauged according to the diameter of the can¬ 
nula to be introduced. Another method of entering the blood vessel of the 
recipient is to pierce it with a trocar which fits the cannula; this, however, 
requires some force, and therefore is liable to result in more trauma to the 
vessel wall; the trocar method also requires, with small veins and in cramped 
situations, some dexterity to enter the lumen of the vessel cleanly on the first 
trial. 

When entrance of the rwnpient’s vein has been elTccted with the recipient’s 
cannula, the two ends of an clastic band, previously passed under tho arm distal 



Fio. 7 .—Donok’b Cannula with Obturatou in Vein. 


to the incision, are united by a hook over a gauze pad resulting in light com¬ 
pression of tho vein just distal to the point of cntranco of the cannula. The 
obturator is then withdrawn and, by covering tho flared opening of the cannula 
with the finger, the flowing salt solution is allowed to flush out the recipient’s 
vein. A moment’s flushing will fill the vein with salt solution, and this per¬ 
fusion is maintained by drop instillation, which takes place automatically when 
tho obturator is replaced in the cannula with the hook turned toward the lateral 
arm (see description of recipient cannula and obturator, Fig. 3). This ex¬ 
clusion of blood from the vein is to prevent the possibility of clot formation, 
which may bo induced by a prolonged presence in the blood current of the metal 
cannula. 

When the recipient’s vein has been preparetl with tho cannula in situ, the 
donor’s arm is constricted and the operator, through a small incision as al¬ 
ready described, penetrates the donor’s vein with the donor’s cannula against 
tho direction of the .blood current (Fig. 7). The mouth-piece of the aspirat¬ 
ing tube is next grasped in the teeth, and the pipet allowed to hang thus for a 
moment while the donor’s obturator is withdrawn, using both hands for this 
purpose. With a clamp or forceps in the left hand steadying the cannula 
in the vein, tho right hand grasps the pipet and introduces its tip (Fig. 8) 
against the outpouring stream of salt solution, through the donor’s cannula, into 
the blood stream of the donor. The aspiration of blood (Fig. 9) is b^un imme- 
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diately, and suction should be stroti" oiioujih to pet nl)out the maximum flow 
without undue collapse of the vein wall npainst the eamuila. A speeti of with¬ 
drawal greater than 100 e. c. por minute sliould not be attempted. It is well 



FlO. 8.- OflTORATOB UEUOVED rnOM I)<IN(ih'h CwNI'I.A and I’II-ET AikHIT to mb iNTUODIICKn into 

DoNOU’rt Vkin. 


to mention here that the general precaution should he followed, as in all blood¬ 
vessel surgery,"of treating the vessels gmitlv in everv mani|nilation; and this is 
especially true of the donor’s vein. .\ bystander may take the time from the be¬ 



ginning of the blood flow, so that there may be some guide to the speed of with- 
_ drawal and delivery. 

Two hundred c. c. of blood can be obtained from a good donor in 1to 4 
minutes and this amount may be delivered through the large and medium- 
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sized cannulas in from 2 to 4 minutes, making a total of 4 to 8 minutes. We 
have considered 12 ‘to 15 minutes a conservative limit of safety for both 
paraffin and hirudin methods; and even with 10 minutes as a limit there is an 
ample margin of time, so that there is no need for haste. 



Fio. 10.—OnxuRATon Hemoveu erom Rrciment'h (.annula and Pipbt, Full of Blood, at thh 

Moment of Inthoduc-tion. 

•When the amount reciuired is obtained (200 <!. c. or less) the pipet is 
withdrawn and the donor’s obturator inserted, tbc tip of the pipet being stop¬ 
pered as soon as withdrawn by a gloved finger of the operator. It is important 
to stop suction before withdrawal of the pij)ct so that no air bubbles may be' 



I'lu. 11 .—Blood Being Deuvered thhoouh Recipient's Cannula. 


drawn through tho blood at the moment of removal from the vein. The pipet 
containing the blood is now carried to the recipient, tho obturator of the re¬ 
cipient’s cannula is withdrawn,* and the tip of the pipet is inserted against the 

*I£ working without assistance, the recipient's obturator may be extracted by means 
of a wire hook attachable to tho fourth finger of the Operator’s right hand. 
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outflowing stream of salt solution into tho rt*cipiont's cannula. Figtiro 10 
shows the outflowing stream ot IiIikhI released hv the removal of tho Anger of 
the operator from the tip of tho pipet ju>i at ilie moment of introduction into 
the recipients cannula. Figure II ^l^o\vs the tip of llie pipet within tho re* 
cipient’s cannula while the blintd is heiiiu' tU*livere<l. The last 10 or !.'» c. c. 
of blood are not discharged from the pipet in order to avoid risk of injecting 
air. When this point is reached the ]»ij)et is withdrawn from the recipient’s 
cannula and the obturator replaced. 

If more blood is needed, aiiotln'r transfusion may hi* doiui in pretdsely tho 
same way, using another pipet; or an assistant may collect a w'eoiul pipetful of 
blood from the donor im¬ 
mediately following tho 
withdrawal of the first 
pipet. This rapid se¬ 
quence of withdrawing 
blood from the donor is of 
course more expeditious, 
and is advisable if more 
than 400 c. c. (2 pipet- 
fuls) of blood are re¬ 
quired. Where the inter¬ 
rupted method is fol¬ 
lowed, care should be 
taken to remove the con¬ 
striction of the anil so as to allow a free eircniation of hlood thn)ngh the donor’s 
vein during tho intervals when the liloed is imt being witiidrawn. 

When the transfer of blood is com|ileted, the reidpieiil’s cannula is re¬ 
moved and pressure applied with a l•oInpl•ess for a few minutes. I'ressuro and 
suturing the .skin will usually snlliee to sloji oo/.ing from the vein. If desirable 
the donor inav be given a saline infusion to replace his lost blood, by substi¬ 
tuting a short plug in tho donor’s cannula for the obturator, which ato|)S tho 
outlet of the cannula, hut do(*s not shut off the passage of the salt solution 
through its lateral branch into tin; vein fFig. 12). 

Hemorrhage from tho donor'.s vein aftiT the cannula is withdrawn can 
sometimes be stopped by pres.suro; but usually tho pnneturo should bo sutured 
or tied off laterally with fine catgut. During the course of tho operation 
neither tho donor nor the recipient receives more than an inconsiderable 
amount of salt solution, unless more is desired. It will bo seen, however, that 
with this arrangement any amount of salt solution can bo immediately directed 
into the circulation of donor or recipient if rc<iuired. In giving salt solution 
to the donor in any considerable amount it is advantageous to reverse tho direc¬ 
tion of the cannula within the vein. This may easily bo done while tho solu¬ 
tion is flowing without removing the cannula from the vein. 



* 


Fki. 12. — I'hk of IN Donou’h ^'annula wukn Givinu 

.''ai.i.m; l.NH mion. 
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PBEPABAtlON OP PIFET8 WITH PABAPPIN OOATINO 

The preparation of the pipets and the method of lining them with paraffin 
should be carefully followed. The threaded bushings of the cylinders are 
first wrapped with thin asbestos tape and securely seated in the cylinders. 
The air-filter tubes with cotton filling and the cylinders are then sterilized by 
dry heat in an autoclave or ordinary oven. The rubber aspirating tubes., 
mouth-pieces, and perforated rubber stoppers are sterilized by boiling. When 
sterilized, each cylinder is connected with an air-filter by means of a per¬ 
forated rubber stopper, and the aspirating tube with mouth-piece is attached. 
The cylinders arc then ready for coating. The rubber stoppers and aspirating 
tubes should bo thoroughly dry before being connected with the cylinders. 

The process of coating the pipets must bo conducted with aseptic precau¬ 
tions. The coating is best done from a cylindrical vessel, about inches 
(8.4 cm.) in diameter and 7 or 8 inches (17.5 to 20 cm.) high, filled to within 
an inch (2.5 cm.) of the top with the sterile paraffin mixture. The mixture 
which we have found most satisfactory is: 

Gnibler’s filtered paraflin, m. p. 00 ° to 62° C. (140° to 143.6° F.). 56 parts by weight 
Pure white petrolatum. 44 parts by weight 

This mixture has a molting point of 49° to 50° C. (120-122° F.) and can 
bo sterilized by heating to 120° C. (248° F.) for an hour. We have found 
that a convenient vessel for melting, sterilizing and holding the paraffin is an 
electric warmer for a 10-ounco nursing bottle, with heating coil immersed 
directly in the paraffin. 

First Coating.—For the first coating the paraffin is heated to from 77° 
to 80° 0. (171° to 176° F.) ; the neck of the cylinder, with a threaded bush¬ 
ing securely seated in it, is then immersed beneath the surface and the paraffin 
sucked up into the cyliiidov by means of a tube, air filter, and mouth piece to 
within about 1 cm. of tho rubber stopper. The paraffin is maintained at this 
level until its heat has spread to the cylinder, which is shown by the film over 
tho glass becoming transparent. As soon as this occurs, the paraffin is allowed 
to flow out and tho cylinder is placed aside to cool. 

The pipet tips and couplings may be sterilized by boiling or by dry heat. 
If boiled a short time before coating, they should be freed from moisture before 
being attached to the cylinder. This can easily be done by drying over an 
alcohol flame. Tho coated cylinders may be wrapped in sterile towels and kept 
in this way until needed, or the pipet tips may be attached and a second 
paraffin coating applied at once, the completely coated pipets being then 
wrapped in sterile coverings ready for immediate use. 

Second Coating.—The second coating, with the tip attached to the cylinder, 
is done at 60° to 61° C. (140° to 142° F.) by dipping the tip of the pipet 
beneath the surface of the melted paraffin and aspirating sufficient paraffin to 
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reach about 2 cm. above the neck of the cylinder and immediatoly expelling 
it again. When the ext'Cs^a of parntlin which liaa Ikk*!! taken int«> the pipot 
is blown out in this innnner, bubbles of tiir will lie schm) to cseapu from tho sub¬ 
merged tip of tltc pipet. Tho pi|H‘t is then raise<l out of the paraftin, its tip is 
.tilted upward, and air is drawn through it. This latter pre«’aution is to prevent 
a narrowing of the lumen of the tip bv the congealing at this point of the last 
few drops of excess paraffin. The bnneu ctf tho tip can l•aaily bo inspected*by 
transmitted light; if it has not a goo<l clear opening it should again be im¬ 
mersed in the paraffin and tb»* operation rep»*atcd until satisfactory. It re¬ 
quires very little practice to do this successfully. 


BIETHOD OF OPERATION WITH HIRUDIN 

Oxalatcd and titrated pla.sinas are well known in tho physiological labora¬ 
tories and sodium citrate is r(*port(*<l to have Is'cn list'd as an antictiagulant for 
small quantities of transfu.setl blood. Oxalates and cifrate.s act by fixing tho 
calcium of the blood, which is a neci'.ssarv factor in spontaneous coagulation. 
This decalcification is, of courst*, a change produced by a chemical reaction 
in tho blood, and is, theoretically at least, undesirable. Tho uso of hirudin 
as an anticoagulant is not open to this (dijection. 

Hirudin is derived from the buccal glands of the pond leech and has boon 
classed by Franz (ll)t>) as a secondary albumosc. Its phy.siological properties 
are variously regarded by diflcrcnt iuvc'stigators. Morawitz (2(t l) believes that 
it acts by neutralizing thrombin or prothrombin (thromlMigcn). Mellanby 
(203) concludes, from what appears to he substantial exiierimental evidence, 
that hirudin contains an antibody for prothrombin and also a v(!ry energetic 
antibody for thromboplastin (kinase). 

It may be fairly concluded from the available evidence that hirudin has a 
decided effect upon the prothrombin-antithrombin balance and that it has a 
neutralizing action on thromboplastin. 

There is considerable literature on the experimental uso of hirudin and there are 
some reports upon its therapeutic use by intravenous injection for eclampsia, hut no 
mention of its use as an anticoafrnlant for transfusing blood. 

From the authors’ cxpc-rimentul work it has become evident that hirudin alTords 
a convenient alternative for the paraffin nietho<l of transfusion under most circum¬ 
stances (209). The amount of hirudin necessary with our apparatus is so small that 
its uso may not be contni-indieated even in those pntliologieal conditions where there 
is already an excess of antithrombin or a defieieney of prothrombin in the circulating 
blood of the recipient. 

Kaposi (200) has ffiven 40 mg. of hirudin to a 2,000 gm. rabbit. Cowie (189) has 
given 35 intravenous injections of hirudin to a rabbit in doses increasing from 10 mg. 
to 22 mg. in 26 days and maintained this last dosage until the final inj<>etion, tho total 
period of treatment covering 54 days. At the end of this time the animal had gained 
in weight and was in every respect perfectly well. Bodong (186) has given 23 to 73.25 
24 
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mg. pro. kilogram of body weight to rabbits, and states that it has no influence on the 
circulation ot the respiration, and is in no other way harmful to the animal. Von 
Hertzen and Ohman (198) have confirmed Bodoug’s observation in a series of 12 ex¬ 
periments and concluded that hirudin has no disturbing effect upon the heart and blood 
vessels. Abel, Rowntree and Turinsr (182) have \ised veiy large quantities of hirudin 
in “vividiffusion” experiments on dogs without apparently impairing the health oi* 
normal physiological eojidition of the surviving animals. Dienst (192) reports that he 
haVgiven 200 mg. in 50 c. e. of salt solution by intravenous injection to a patient with 
very severe eclampsia with most excellent results; and Kngelmann (194, 1^95) has re¬ 
ported 17 cases of eclampsia treated in this way with doses of 200 to 300 mg. 


In making uso of hirudin for tran.sfusion we have employed our regular 
pipets and cannulas, but have simplified the preparation of the pipets. No coat¬ 
ing of paraffin is applied to the cylinders but only to the tip and nock of the 
pipet. This partial coating is done by aspirating a small qtiantity of the sterile 
melted paraffin mixture at a temperature of 70“ to 80° C. (158° to 170° F.) 
just within the neck of the cylinder and expelling it again, with the same pre¬ 
cautions against blocking the tip with paraffin which have been mentioned 
above under second coaling. This use of paraffin, from the tip to the neck, is 
primarily to insure an air-tight junction of the pipet-tip with the metal bushing, 
and of the latter with the neck of the cylinder, but it also has an undoubtedly 
valuable effect in lessening thromboplastin formation during aspiration of the 
blood, and permits the employment of a minimal (luantity of hirudin. 

Coating the Pipets with Hirudin.—If the commercial preparation of hiru¬ 
din is employed, one lO-rng. tube is sufficient to coat from 4 to o pipets. The 
label is soaked off the tube of hirudin, and one end of the tube is well scored 
with a file to insure easy breakage. At the time of operation the tube is im¬ 
mersed in a small tray of alcohol to sterilize its exterior. The solution of 
hirudin may bo previously prepared or it can be made up convenieutly as soon 
as the irrigation apparatus has been set up. lender sterile, precautions 4.5 c.cm. 
of 0.9 per cent, sodium chlorid solution arc run off from one of the irrigating 
tips into a sterile calibrated cylinder. The hirudin tube is then broken in a 
piece of gauze like a tube of catgut, care being taken that the hirudin is shaken 
down into the other end before breaking off the end which has been marked by 
the file. The hirudin can now be dissolved by adding one or two c.cm. of the 
salt solution from the calibrated cylimler, shaking well, and washing back and 
forth until all the hirudin is dissolved. This solution, which has a dilution 
of 1-450, is transferred to one of the paraffin-sealed pipets, by removing the 
rubber stopper and air-filter, and pouring in the hirudin while holding the 
pipet in the horizontal position. The rubber stopper is then replaced, and, 
while still holding the pipet in the horizontal position with the tip pointing 
upward, the hirudin solution is flowed over the inside of the pipet, rotating 
and shaking the latter so that the Avhole interior is completely and thoroughly 
wet by the liquid. When this is done the neck portion of the pipet is coated in 
a sifldlar manner by tilting up the pipet, and the liquid is then allowed to run 
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out of tlio -tip, back into tho receptaclo in which it was mixed, or else directly 
into the next pipet which is to coated. It takes from I to f.r* c. e. of the 
hinidin soUition to coat a pip«'t in this manner, and when so coated, tite pipets 
are ready for iinniodiatu use and should l)o placed in tlie liori/.ontui ]H>sition 
until required. 

With the exception of tho preparation «>f the pipets as noted, tho operation 
with hinidin is conducted in prceiM'ly tlu' sanu* way as with the paraflin-coated 
apparatus. 
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CHAPTER X 


THE SURGICAL TREATMENT OP ANEURYSM 
James M, Hitzrot 

The treatment of aneurysm is usually divided into medical and surgical 
treatment. ’ This chapter has nothing to do with the former, except in so far as 
measures spoken of as purely medical may act as adjuncts for the preparation 
for strictly surgical methods. 

Among the medical methods usually enumerated, rest in the horizontal posi¬ 
tion may be considered as an important adjunct in the preparatory treatment 
for a surgical procedure. Rest reduces the pulse rate approximately 10 beats 
per minute, or 14,400 beats in the 24 hours. Rest in tho horizontal position 
furthermore reduces the general blood-pressure about 10 mm. of llg. 

Hence rest not only decreases tho force of the arterial impact against the 
aneurysmal wall, but likewise decreases the number of these impacts. With the 
decrease in the force and number of the impacts, a resulting decrease in the 
size of the sac may be obtained, and thus rest is of value both in internal and 
in traumatic aneurysm, preparatory to surgical interference. 

Bornhaupt, Saigo, Kikuzi, Makins, and others, advise delay from 4 to 6 
weeks, in operating on traumatic aneurysm, and during this period, or a large 
part of it, rest will materially lessen the discomfort of the patient, and will 
tend to limit the size of the aneurysmal sac. 

The purely surgical treatment includes all forma of external measures used 
directly on the aneurysmal sac, and includes the application of ice (refrigera¬ 
tion), compression, acupuncture, wiring (with or'without electrolysis), liga¬ 
tion, the various constricting appliances to produce gradual occlusion of the 
artery, Halsted’s bands, elastic ligatures. Keen’s compressor, Stratton’s com¬ 
pressor, etc.; the radical operations on the sac itself, aneurysraotomy with in- 
trasaccular ligation, the operations devised by Matas, endo-aneurysmorrhaphy 
and aneurysmoplasty | and aneurysmectomy with arteriorrhaphy or angioplasty. 


REFRIGERATION 

The application of an ice-bag is used to inhibit the congestion about the 
aneurysmal sac and is chiefly serviceable in traumatic aneurysm and as a pallia¬ 
tive measure in inoperable aneurysms. 
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COMPRESSION 

• 

Compression may be used as a direct pressure on the aneurysm itself, or in¬ 
direct pressure, i. e. pressure upon the artery above or below the sac or both. 

Direct pressure upon the aneurysmal sac should never be used inasmuch as 
oon^iression thus produced is likely to cause results more dangerous than the 
aneurysm itself. 

Indirect pressure is applied as digital pressure, pressure by instruments, 
by tourniquet, or by posture (flexion). 

Digital pressure is made by a number of assistants working in pairs. Care 
should be taken to sliift the'pressure of the digits to different areas of the skin. 
“Ether or morphin should be used when the patient begins to complain of 
pain” (Stimson). Tho application of digital pressure should be divided into a 
number of sittings of 4 hours each, and should be continued from 24 to 36 
hours. After 36 hours, tho chances for a cure are very slight, and the treat¬ 
ment, if unsuccessful after that time, should be abandoned (Dclbet). 

The method is difflcult to carry out, and gangrene is prone to occur, espe¬ 
cially if the digital pressure is unsteady. “Recovery may be expected in fifty 
per cent. Gangrene occurs in six per cent.” (Matas). 

Instrumental compression was practiced by many instruments invented for 
that purpose for application to the abdominal aorta. It is applicable only in a 
few selected cases and of little value because tho time limit of compression of 
the abdominal aorta is so short. 

Elastic Compression—Reid’s Method. —This method consists in the firm ap¬ 
plication of an elastic bandage from the periphery of the extremity up to the 
sac, then a few light turns of the bandage over the sac, and from the sac con¬ 
tinued in firm, even turns well up the extremity so as to compress the artery 
both distally and proximally. The application is quite painful, and requires an 
anesthetic (Walsham). The bandage should be kept on for 1 to 2 hours (1 to 
1^2 hours) and then digital compression maintained on the proximal side of 
the main artery for from 36 to 48 hours. 

Delbet states that it leads to gangrene twice as frequently as digital com¬ 
pression. Stimson states that the method failed to cure in 15 per cent, of tho 
cases. 

The method has been modified by Gersuny and Petit, who apply the bandage 
at intermittent intervals of hour each (intermittent elastic compression). 

Compression by Posture (Flexion). —This method was successfully tried in 
.aneurysms in the groin, the popliteal space, and the elbow. 

In applying the method, the flexion must be sufficient to stop pulsation in 
the vessels distal to the sac. It is painful, and must be continued from 10 to 
14 days to accomplish any result. Delbet states that it leads to rupture of the 
sac more often than any other form of compression. 

a whole, compression in any of its forms has little to commend it in com- 
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parison with the more clearly defined surgical procedures. The results are less 
favorable, the dangers greater and the suffering more marked thaw would seem 
justifiable with modem progress along surgical lines. 


LIGATURE 


The use of the ligature is the oldest form of treatment and was practiced 
by Antyllus in the second and third centuries a. d. (see Fig. 1). 

The method described by Antyllus has been named 
aneurysmotomy by Matas. 

It consists in a linear incision over tlie sac along the 
course of the artery carried far enough to expose the 
artery at its entrance and exit from the sac. The vein is 
then retracted and the artery tied close to the sac at its 
entrance and exit. When these ligatures are tied, a small 
incision is made into the sac and its contents evacuated. 

With the advent of the Esmarch bandage, that is, in 
modern times, this form of constriction is applied before 
proceeding to the operation above described. After the 
ligation of the main vessel, the bandage is released. 

Should any bleeding occur due to entering collateral ves¬ 
sels, the bandage should be tightened, and the collaterals 
tied after dissecting them free or by intrasaccular liga¬ 
ture after the method of Annandale, or the obliterative 
endo-aneurysmorrhaphy of Matas may be practiced. 

Mikulicz modified the Antyllian operation by divid¬ 
ing it into two stages. His first stage consisted in the 
ligation of the artery on the proximal side (Anel or 
Desault-IIunter type—v. infra). When the circulation 
in the sac had decreased and the sac had diminished in 
size, the sac was punctured by a small incision and the 
clot evacuated (his second stage). 

This modification of the older method has little to 
commend it, as pointed out by Matas, due to the occur¬ 
rence of hemorrhage during the second stage of the opera¬ 
tion or hemorrhage following that procedure at a later 
period. 

Philagriua or Purman ( 1680 ) further modified the Antyllian operation by 
the extirpation of the sac after ligation of the vessels (aneurysmectomy). 

The steps in this operation to which attention must be paid are preliminary 
control of the circulation, afferent and efferent, and the identification of the 
companion vein. 

Where possible, the arterial supply above mentioned should be controlled by 



Fio. 1 .—Method of Am- 
TYLI.U8. Proximal and 
distal luxation, close to 
the sac. Incision and 
evacuation of contents 
of sac. 
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circular constriction. The vessels are then exposed by dissection and ligated, 
or the vessels may be controlled by the various clamps described by Crile, 
Matas, Billroth, etc. 

Where circular constriction is impossible (in the neck, for example), the 
arteries must be exposed by dissection and ligated or clamped, as the case 
may be. 

This preliminary hemostasis is absolutely essential for the carrying out of the 
operation and neglect of it may lead to serious if not fatal hemorrhage. 

The identification of the companion vein is often difficult. Koehler has 
devised the following expedient to render its identification possible. In pop¬ 
liteal aneurysms, for example, he applies a circular rubber bandage below the 
aneurysm at a sufficient distance to permit of easy access to the sac. From the 
upper level of this constricting bandage a second rubber bandage is applied in 
firm circular turns well up to the middle of the thigh, to squeeze out the blood 
and cut off the circulation beyond it. The lower turns are then released up to 
the last few upper turns, leaving the region of the sac, and a wide zone 
aboyt it, completely anemic. If in exposing the sac it is difficiilt to deter¬ 
mine the location or permanency of the vein, the lower bandage is released, 
and the vein will fill up, thus giving a clew to its location and its per¬ 
meability. 

If the vein is so adherent in the wall of the sac that its dissection is difficult 
or iilipossible, Sonnenberg advises leaving behind the piece of the sac to which 
the Vein is adherent. 

Matas lays especial stress upon the preservation of the vein and believes 
that the extirpation of the vein must always bo regarded as dangerous to the 
future vitality of the limb. 

Bearing in mind the above cautions, the aneurysmal sac is exposed by free 
incision and the afferent and efferent vessels exposed. The sac is then dissected 
free by blunt dissection, care being taken to avoid injury to the veins and nerves 
which are flattened out on various regions of the sac. If possible the sac should 
be dissected free intact, and all collateral vessels entering it ligated or clamped 
before division. 

When the sac is freed sufficiently, the main vessels are ligated or clamped 
and divided and the sac removed. 

If any injury to the vein occurs, it should be repaired by stiture with very 
fine silk, if the vein has given evidence of patency. If obliterated, it may be 
tied. 

The upper constricting bandage is then removed, and all bleeding points 
caught and tied. For success, it is essential that the hemostasis be perfect and 
absolute, so that a perfectly dry, clean wound is left. 

When this is obtained, the wound is closed in layers without drainage and 
dressed with sterile gauze in such a manner as to avoid any compression of the 
wound or limb because of the danger of interference with the peripheral circu¬ 
lation. 
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It is also essential to state that the highest form of aseptic surgical technic 
is absolutely essential to success. 

The dangers incident to the operation are gangrene of a part or all of the 
limb peripheral to the area of the operation, infection 
and secondary hemorrhage, and such late effects as edema 
of the limb, trophic nerve disturbances, pain and limita¬ 
tion of function in the proximal joint, etc. 

The postoperative treatment should comprise all 
methods which will tend to aid in the establishment and 
maintenance of the collateral circulation. 

The limb should be elevated and kept warm. If the 
extremity remains cold after the second postoperative 
hour, the limb should be placed in a Bier hot-air ap¬ 
paratus, or in a covered tent and 
hot air introduced through a pipe, 
such as is used in giving the hot-air 
bath to uremic patients. 

When the wound is healed, hot- 
water baths, especially those con¬ 
taining salt, hot sand baths, static 
electricity, and gentle massage, 
should bo used to increase the cir¬ 
culation. The proximal j o i n t 
should be baked and massaged and 
submitted to gentle passive move¬ 
ments as soon as compatible with 
the healing of the wound, usually 
toward the end of the second week. 

Active use of the limb, especial¬ 
ly the leg in walking, should be 

prohibited until the circulation is so well established that 
no marked edema occurs upon standing. 

Too early use often leads to irreducible swelling in 
the limb distal to the zone of operation, and once estab¬ 
lished, it is not likely to be relieved. 

Delbet regards extirpation as the ideal operation, in 
that the eure is more complete, and gangrene is less apt 
to oecur after extirpation than in the other forms of liga¬ 
tion. Matas, however, does not beliqve that the ideal has 
been obtained in extirpation. 

Proximal Ligation.—Anel (1710) ligated the artery 
on the proximal side close to the sac without opening the sac. (See Fig. 2.) 

Desault, in June, 1785, and Hunter, in December of the same year, ligated 
the artery on the proximal side at some distance from the sac. Hunter’s idea 




Fig. 2. — Method or 
Anee. Proximal liga¬ 
tion close to the sao. 


Fiq. 3. — Method of 
Desault and Hun¬ 
ter Proximal liga¬ 
tion at some dis¬ 
tance from the sac. 
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was to place the ligature at some distance from the sac, so that it tied the artery 
at a point in which the vessel wall was more likely to be normal. Scarpa, in 
1819, ligated the artery in Scarpa’s triangle for popliteal aneurysm (Scarpa’s 
operation)! 

From the impetus thus given many more operations 
for aneurysms were done, and it was discovered that total 
arrest of the blood stream was unnecessary for a cure. 
Later it became evident that such failures as occurred 
were due to the development of a collateral circulation 
by tho way of large branches to the sac. The ligature 
close, to the sac (Anol) is to bo 
preferred in proximal ligation in 
that it shuts oflF the circulation at 
once and thus decreases the size 
of tho sac. 

Distal ligation of the Vessel. 

—Distal ligation arose as a re¬ 
sult of the treatment for those 
cases in which proximal ligation 
was too dangerous or impossible. 

The distal ligation close to 
the sac was suggested by Brasdor 
about 1790 (Brasdor’s opera¬ 
tion), but was first practiced by 
Deschamps in 1798 and Sir Ast- 
ley Cooper about the same 
period. The earlier cases were 
failures. (See Fig. 4.) 

In 1825 Wardrop ligated the 
vessel on the distal side at some 
distance from the sac, and in 
Wardrop’s cases the ligature was applied to one of the 
main branches after it had been given off from the 
parent vessel, i. e. carotid artery in innominate an¬ 
eurysm. (See Fig. 6.) 

Results of Ligation, and Objections to This Ponn of 
Treatment. —“Gangrene, however, remains a serious 
objection to all methods of ligation” (Matas). The 
aneurysm may recur after a number of years, six cases 
collected by Delbet, and eight by Matas. The presence 
of the sac and its sclerosis, furthermore, may cause pressure on the included 
nerves with peripheral motor paralysis or peripheral sensory nerve changes, 
neuralgias, paresthesias, trophic ulcers, etc., which remain until relieved by 
further operation. 



Fio. 4.— Braboor’b Oper¬ 
ation. Distal ligation 
close to the sac. 



Fia. 6 . — Wardrop’s 
Operation. Distal li¬ 
gation some distance 
from the sac. Wardrop 
placed the ligature up¬ 
on a main branch after 
it had been given off 
from the parent trunk. 
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Sub-total, or partial, occluaion of the vessel was suggested by Porta about 
1850 for treatment of aneurysm of tbo large vessels in which total occlusion 
would be dangerous due to ulceration, gangrejic, or secondary hemorrhage. 

For this he recommended diOVrent forms of partial compression by various 
instruments, clastic ligatures, or a scries of gradually contracting ligatures. 

Halstcd in 1906 placed the method on a modern surgical basis by producing 
gradual occlusion of the artery by the use of aluminum bands. Tie advises the 
use of bands of 32 to 36 tluclviioss (sheet metal gauge) and has devised a set of 
instruments for the application of the bands to the vessel. 


NEEDLING 

Needling consists in the introduction of a long needle into the aneurysm so 
that it scratches the intima sufficiently to irrigate it and permit the deposition 
of a fibrinoplastic exudate upon the injured wall. The needle is left inside the 
sac for 24 hours and frequently moved from place to place to, increase the zone 
of the irritation. 

The method has no practical value because of tho uncertainty of its action 
and the fact that the wall of tho sac is usually lined with laminated plastic 
exudate, which is disturbed rather than increased in tho process. 


WIRING 

Hoere’s Method.—Moore introduced fine silver wire into the sac with tho 
idea of forming a framework for the fibrin to become deposited upon. Later, 
iron, steel, and copper wire; catgut (Abbe); horse-hair, fine metal wateh 
springs (Racelli and Montenovessi) were employed. 

Tho method has certain elements of danger in that the wires, etc., may 
migrate even into the left ventricle of tho heart (Ballance, Parkam, quoted by 
Matas). 

Wiring with Electrolysis—Moore-Corradi Method.—Corradi (1879) in addi¬ 
tion to introducing the wire as si framework, passed an electric current through 
tho wires, to cause electrolysis of tho fluid blood in the sac, and to hasten the 
deposition of fibrin on the framework formed by the wires. The method is 
applicable mainly to thoracic and abdominal aneurysm. 

Various types of wires arc recommended. Silver wire, silver copper wire 
(Finney and Ilunncr) ; gold wire (Stewart), and gold platinum “Clasp” alloy 
wire (Lusk). 

Lusk recommends using a piece of No. 11 wire about llVo inches long and 
drawing it out to No. 28 (Brown and Sharpe gauge), which will produce a 
strand 50 feet long of very resilient wire immune to the solvent action of the 

electric current. 

25 
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Lusk furthermore recommends using a gold needle insulated with a cover¬ 
ing of porcelain enamel of a caliber just large enough to admit the 28 wire with¬ 
out friction. 

Lusk states “The wire at its introducer extremity should be spirally shaped. 
To prevent snarling during the introduction of the wire, the spiral extremity, 
freed from its position of fixation, shotild first be started through the needle 
before the binding wire is removed from the coil, after which the binding wire 
should be removed, and then the loops can be kept from crossing one another 
by finger pressure over the site of the binding coil, which maintains the orderly 
arrangements of the loops so that they will unwind without tangling. The grip 
for holding the coil is to hold it in the middle, ring, and little fingers and the 
palm of one hand, which leaves the thumb and index finger free for assisting 
the other hand with the manipulation of the wire. As the wire, thus held, is 
now introduced, it uncoils from off the hand after the manner of uncoiling a 
rope. This transmits a twist through the introduced wire with the passage of 
each loop, which, through the resiliency of the wire, enables the loops to reform 
within the sac. The technic of passing the wire through the needle should be 
practiced in the open previous to operation. 

The needle should be boiled in distilled water. 

The negative electrode should he placed against the back directly over the 
area which corresponds to the situation of the aneurysm, and should he larger 
than the aneurysm. 

The external portion of the wire should trail over a piece of rubber dam 
during the passage of the current. 

The current should be started at 100 ma. for 15 minutes, and then the 
current should be gradually lowered to 50, 40, and 30 ma. each for 15 minutes. 
The positive pole should bo attached to the gold wire, and the negative electrode 
placed upon the back.’’ 

The needle should be inserted through a thick portion of the aneurysmal 
wall. Should hemorrhage occur upon its removal, the wire which was sheathed 
by the needle should be pulled upon till one of the intrasaccular coils with its 
attached fibrin is brought in contact with the site of the puncture, when bleeding 
will stop. Should this fail to' stop the hemorrhage, Lusk suggests the passage 
of a 50 ma. current through the wire for about 3 minixtes. (Tn his experi¬ 
ence, the time required to control the hemorrhage never exceeded nine minutes.) 
The projecting wire is then cut off close to the sac and the skin wound clospd. 


ENBO-ANEURYSMORBHAPHY AND ANEURYSMOPLASTY (THE 

MATAS OPERATIONS) 

The operations devised by Matas consist in intrasaccular suture of the open¬ 
ing or openings into the sac to cut off from the sac all vascular communications 
with it. He divides his operations into three types. 
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Typo 1.—Obliterative cndo-aneurysmorrhaphy in which all the openings in 
the sac are closed by sutures so placed as to completely close the vascular stomata 
which enter the sac. The method is* essentially an intrasaccular ligation of the 
arteries, which communi¬ 
cate with the sac, and in 
this first type the parent 
artery is obliterated by the 
sutures. 

Type 2.—Endo-aneu- 
rysmorrhaphy with partial 
arter iopl asty ( restorative 
endo-aneurysmorrhaphy). 

This type is suitable 
for sacculated aneurysms 
with a single vascular 
opening into the sac. By 
sutures properly placed, 
the opening into the sac 
wall is closed and the con¬ 
tinuity of the parent vessel 
preserved by an arterio- 
plasty done within the sac 
wall. (Fig. 7.) 

Type 3.—Endo-ancu- 
rysmorrhaphy with recon¬ 
structive arter iopl asty (re¬ 
constructive endo-anciirys- 
morrhaphy or aneurysmo- 
plasty). (Fig. 8.) 

This variation is ap¬ 
plicable solely to fusiform 
aneurysms in which the 
sac walls are firm and resistant, and the two openings leading to the main artery 
lie at the same level and arc in close proximity and visible in the bottom of the 
sac, in a superficial, easily accessible sac. 

The essential features of the operation consist in reconstructing a new 
artery out of the walls of the sac. 

A rubber catheter or a biliary hammer of Ilalsted is inserted into the two 
arterial openings and fine silk or chromic sutures inserted and so placed as to 
reconstruct the lumen of the vessel over this guide. Before tying the central 
sutures the guide is removed, and the sutures are then tied, effectually closing 
and reconstructing the lumen of thq main vessel. 

The operations of this type are called for only in cases in which the condi- 
tip» of thp is favorable for reconstructing the artery, or in cases in which 



Fia. 0.-DiAlillAM OK OULITBUATIVE EnUO-ANEUBYSMOBBHAPHY. 

Note the inclusion of the posterior wall of the artery in the 
sutures, and also the collaterals closed by suture. (After 
Matos.) 




IF Restorative Endo-aneukysmorrhapht. A coi 

tinuity of the artei 








Fig. 8. — Diaoraic of RECONSTKtrcnvB £Ni>o-Am:uBTSMOHBHAPHT. Shows a method of reconstructing the parent vessel from the anet 
san by suture over a guide in fusiform dilatations. A shows the method of placing the guide at the bottom of the sac and the recoi 
ing sutures. B shows some of the sutures tied and the remainder retracted to allow for the removal of the guide. (After Matas.) 
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the collateral circulation is insufficient. In the latter condition, although the 
reconstructed vessel, especially in atheromatous vessels, will function only for a 
short time, that short period may be sufficient to permit of the establishment of 
a sufficient collateral circulation. Should a secondary aneurysmal dilatation 
occur at the side of the reconstruction, an obliterative endo-aneurysmorrhaphy 
may then be carried out without the previous great danger of gangrene since the 
collateral circulation will have become established in the interim. 

The method is furthermore especially applicable in traumatic aneurysm in 
which the question of atheromatous change docs not enter and in these cases 
should be as successful as arterioplasty, as carried by the Carrell or other 
methods and will probably show a no larger number of failures. 

1 The suture material should bo fine silk dipped in vaselin, or number 0 or^ 
00 chromic catgut. 

The needle best adapted for endo-aneurysmorrhaphy are the half and full 
fcurved intestinal needles of the Murphy, Fergusson, or Tvirby type, conjunctival 
needles or the staphylorrhaphy needles of Lane (if the opening is small). 

In placing the sutures, a firm bite should be taken upon the sac wall. No 
attempt should be made to freshen the edges of the sac about to be approxi¬ 
mated. As Matas has stated so frequently this preliminary denudation of the 
margin to be sutured is more apt to cause failure of than to aid in the repair 
process. The primary layers of sutures should be reinforced if possible by a 
secondary tier which should be a continuous running suture which grasps and 
approximates the wall of the sac and draws it over the first tier and rein¬ 
forces it. 

The treatment of the sac after the closure of the arterial stomata by one of 
the above methods is described by Matas under five diflFcrent headings. 

1. —^Total Obliteration of the Sac by Suture and Inversion of the Skin Flaps. 
—The method consists in closing the sac by a continuous stitch which begins 
at one pole and is whipped across the sac wall to the opposite pole until that 
portion of the sac wall included in the suture is completely approximated in the 
midline. A sufficient number of layers of these sutures are applied to bring the 
closure of the sac wall close to the surface. When this step is completed, any 
excess of the sac is folded upon itself and stretched together by stitches which 
pass through the skin and are tied upon a gauze roll, and the superimposed skin 
closed by a suture which includes the linear approximation of the sac wall (see 
illustration). 

If the dead spaces are carefully obliterated, no drainage is necessary. 

2. —^Total Obliteration of the Sac by Suture, Leaving the Sac Buried in the 
Wound.—This method is applicable to small aneurysms deep in the tissues in 
which the skin flaps arc not largo enough to invert. The closure of the arterial 
opening and the superimposed layers of stitches are placed as in the first method 
and the skin and other tissues are closed in layers upon the sac. 

3. —^Lining the Wall of the Sac with Skin Flaps or Grafts.—In this method 
the sac is not obliterated but the skin is mobilized and the edges tacked down 
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to the bottom of the sac in a manner similar to that used by Neuber in bone 
cavities. If the flaps are insufficient, the areas loft may be covered by skin 
grafts, either at the time of the operation or at a later date when granulations 
have formed. Matas suggests using pedunculated flaps as a possible covering 
for the sac in certain cases, but the method would seem of doubtful utility in 
view of the disturbed circulatory conditions which exist in the skin about the 
sac wall. A sloughing flap would, I bcliovo, be more dangerous than open 
packing of the wound. 

The method is applicable to largo aneurysms with rigid walls, and especially 
in popliteal sacs which are adherent to the femur and the ligaments about the 
knee joint. 

4. —Partial Obliteration of the Sac, Excision of the Superfluous Portions of the ’ 
Sac and Packing the Space Left by Gauze Saturated with Balsam of Peru. —The 
method is adapted to ruptured or infected sacs with irregular diverticulic ’ 
which do not permit of obliteration by any of the foregoing methods. 

Tins method was successfully used in a case of the writer’s in which there 
was a traumatic aneurysm of the profunda fomoris in a subtrochanteric frac¬ 
ture of the femur. The circulation \vas controlled by digital pressure of the 
femoral against the pubis, the sac opened, the clots evacuated, and the ragged 
lateral tear in the vessel closed by the obliterative suture described under oblit¬ 
erative endo-aneurysmorrhaphy. Since a largo part of the sao was formed by 
the femur and the callus thrown out about the angulated overriding fragments, 
it was not possible to obliterate any except a very small portion of tho sac just 
adjacent to the suture lino in tho artery. The wound was packed and healed 
by granulation without subseciuent trouble. 

5. — A Method Used for Intraperitoneal Cases (Iliac Aneurysms).—The 
method resembles the third method above described except that the peritoneum 
is used to obliterate the sac instead of the skin. 

The methods devised by Matas arc applicable to all forms of aneurysms in 
which primary hemostasis is possible, and have all the advantages of the Antyl- 
• lian operation without any of that operation’s dangers or disadvantages. As an 
operative procedure, the technical details are not as difficult as ligation and ex¬ 
tirpation, and the results of tho Matas operation are better than those derived 
from any form of ligation. 

It is essential to emphasize one detail, namely, the preliminary hemostasis. 
This may be obtained by elastic constriction on peripheral vessels; by prelim¬ 
inary exposure of tho main vessel and hemostasis by temporary clamping of it 
close to the sac in axillary, subclavian, carotid, and other aneurysms close to tho 
trunk (Matas uses a special clamp but states that the ordinary long, curved 
elastic intestinal clamps of the Doyen model are equally satisfactory) ; in 
gluteal, sciatic, and obturator aneurysms, by a temporary ligation of the com¬ 
mon iliac. 

For statistical reports the reader is referred to Matas’ articled In the 
writer’s limited experience (3 eases), the method left nothing to be desired, and, 



Diagram OF Method op Obuteratino the Sac in Obliterative Endo-anburtsmorrhaphy. 
obliterating the opening into the sac and tho parent vessel. II—Superimposed layer of 
sutures which reinforce the first tier and reduce the .size of the cavity. Ill—Row of stitches which 
approximate the akin to the enfolded layers which have been previously placed (I and II). IV— 
BtitchM pass^ through the sac from without inward to approximate the portion of tho sac not ob- 
M taO previous sutures, and at the same time to approximate the skin to the sac. (After 



Method of Obliterating the Bao in the Restorative and Reconstbcctivb 
UPE^Tl^ONS. I Lino of sutures which close the opening into tho sac and restore the continuity 
M *^^®***** vessel. II, HI, IV, are similar to those described under method in Figure 9. (After 
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may be ’said to do all that Matas has claimed for it. The moi’tality is stated 
by Matas to be 2.3 per cent., and gangrene occurred in 1.1 per cent., in cases in 
which the veins were not ligated, and 4.4 per cent, when the vein was ligated. 

Relapse occurred only in the reconstructive cases, 28.9 per cent., so that 
relapse is much more common in the reconstructive type. 

Matas states that the method cannot eliminate the dangers of gangrene from 
thrombosis and embolism, but that the method docs not show these complica¬ 
tions any more frequently than the method of ligation. 

The method furthermore is not applicable to intrathoracic or intra-abdomi¬ 
nal aneurysms, and in these, wiring with electrolysis or the llalsted aluminum 
bands would find their greatest field of usefulness. 


ANEURYSMECTOMY 
IDEAI. ANEURYSM OPEBATIONS 

Under the term ideal aneurysm operations J^exer groups those which re¬ 
move the sac and at the; same time restore the continuity of the vessel, artery 
or vein or both, by varying forms of suture. 

Omi collected 21 cases in which the so-called ideal operations for aneurysm 
have been done, which include four cases of his own. lie summarizes the types 
of the operations under the following headings: 

1. Lateral suture of the artery alone (Heller). 

2. Lateral suture of the artery with ligation of the vein (Garre, Meissner, 
Omi). 

3. Lateral suture of the artery and the vein ( Kbrte). 

4. Circular suture of the artery alone (Ziembieki, Oppel, Enderlen, Lieb- 
lein, Einer Key, Omi, Ribera). 

6. Circular suture of the artery and ligation of the vein (Stich). 

6. Circular suture of the artery with lateral suture of the vein (Murphy). 

7. Circular suture of the artery and vein (Lexer, Auvray). 

8. Free transplantation of vessels to repair the deficiency in the artery 
(Lexer, Omi, 2 cases). 

9. Circular suture of the central end of the artery to the peripheral end 
of the vein and the reverse (Goyanes). 

10. Circular suture of the vein and rimning stitch to close the opening in 
the artery and vein (Kiittner). 

Jeger adds to this list: 

1. The end-to-side anastomosis of a piece of vein on the proximal and 
distal sides of the involved vessels (artery or vein) so that the circulation might 
pass by this method to the periphery until the collateral circulation was estab¬ 
lished (Jeger and Israel). 

2. The implantation of a small artery cut longitudinally,’ folded crosswise 
on its long axis, sutured crosswise at the cut end so that the lumen of the trans- 
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plant is equal to that of the larger vessel and the transplant thus fonrited may 
be then sutured by a^circular end-to-end suture to fill in the gap in the larger 
vessel (Jeger and H. Joseph). 

Tscherniachowski has collected all the cases in which the above procedures 
for the treatment of aneurysms have been carried out up to July, 1913, and 
gives a fairly successful list of such undertakings. 

Ihe literature complete to that date is appended to his article. 

His collected cases number 47. The operative procedures are enumerated as: 

1. Lateral suture of an artery, 16 cases [Marchant, Peugniez, J^e Fort, 
Garre, Swiatecki, Ziembicki (2 cases), Morestin, Senccrt, Ticbow (2 cases), 
Heller, Bramann (2 cases), Meissner, Jaboulay]. 

The result in the 16 cases (Jaboulay’s case was added after the publication 
of Tscherniachowski’s paper) was a cure in 13 cases, death in 2 cases, and re¬ 
sult not stated in 1. 

2. Lateral suture of a vein, 7 cases (Lissianski, Spisharny, Veauiu, Du 
Verger, Pollard, Neck, Palla, Aubert). 

One case (Neck) was an aneurysmal dilatation of the femoral vein and the 
artery was not involved, ihe artery in each of the 6 other cases was ligated 
and the involved area excised with the sac. A cure resulted in all. 

3. Lateral suture of an artery and a vein, 9 cases (Kbrte, Wiesinger, 
Potherat, d’Antona, Abalos, Auvray, Doyen, Zeidler, Kiittner). 

A cure resulted in 8 of these cases. In 1 case (d’Antona) infection of the 
wound occurred and amputation of the extremity was done. 

4. Circular suture of an artcr^^, 8 cases ( Dauriac, Stich, Goibet, Lieblein, 
Key, Oini, Oppel, Gellert). 

In this series 1 case died (Dauriac’s), 7 cases were cured. In 1 of the 
cured cases there was weakness in the infected limb (Stich’s). Necrosis of the 
terminal phalanx of the thumb occurred in 1 case (Oppel’s). 

5. Circular suture of an artery and vein, 4 cases (Murphy, Lexer, Ender- 
len, Tscherniachowski). 

All the above series were cured. 

6. Transplantation of vessels, 3 cases (Goyanes, Lexer, Pirovano). 

In this group there were 2 deaths and 1 recovery (Goyanes). 

The regional situation in which the above operations were undertaken are: 
Axillary artery in 4 cases; brachial in 5 cases; radial in 1 case; external iliac 
in 1 case; superficial femoral in 23 cases; popliteal in 13 cases (1 case in 
Tscherniachowski’s collection. Neck’s case, was a venous varix). 

In the cases treated by the above methods death occurred once in the ex¬ 
ternal iliac (too per cent.) ; once in the 23 superficial femoral cases (4.3 per 
cent.) ; twice in the 13 popliteal cases (15.38 per cent.) ; once in the 4 axillary 
cases (25 per cent.). 

Gangrene occurred in one of the axillary cases, amputation was necessary 
in one. of the popliteal cases, and there was considerable disability in the limb 
in one of the superficial femoral cases. 
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The above forms of aneurystnectomy with the various types of arterior- 
rhaphy, phleborrhaphy, and vessel transplantation are limited in their applicav 
tion and in the major number of the above cases were done on readily accessible 
vessels. The mortality in the cases of popliteal aneurysms submitted to the 
idpal operation (15.38 per cent.) docs not compare very favorably voith the low 
mortality of the Matas operations (1.(1 per cent.). 

In the other regions there is very gi-ave question as to the essential value of 
the proceeding, Ihe chief objection to the performance of any of the above 
types of operation lies in the enormous disturbance to the collateral circulation 
necessary to the performance of the given operation. 

In carefully selected casses, in superficial, easily accessible, healthy vessels, 
there will probably be a definite field for this type of radical surgical treat¬ 
ment of aneurysm. 

THE TREATMENT OF ARTERIOVENOUS ANEURYSMS 

All the various forms of the treatment of aneurysm have been used for this 
special class of aneurysms. 

Compression and ligation have been particularly unsuccessful (Stimson, 
Matas). 

Rest, both general and local, together with some form of proximal com¬ 
pression, has been strongly advocated by Makins, Kikuzi, Saigo, etc., as a pre¬ 
liminary to operation. A few eases may, by this means, undergo spontaneous 
cure. If the aneurysmal sac, however, shows signs of increasing in size opera¬ 
tion is indicated. 

The ideal operations previously discussed will probably find their greatest 
field of usefulness in this form of vascular tumor, especially in the recent cases 
(see Ideal Operations). 

In the older cases and in the recent ones in which the dissection necessitated 
by an ideal operation would in the given case disturb the collateral circulation 
more than would seem wise, the Matas operations or the intrasaccular suture 
of Annandale are preferable, while in selected cases in the smaller peripheral 
arteries ligation and excision of the sac are the simplest and safest operative 
procedures. 
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THORACIC ANEURYSMS 

With the advent of the X-ray, the diagnosis of thoracic aneurysms has been 
rendered easier, and the type and size of the sac can he more readily deter¬ 
mined than was previously possible. 

Whether the ability to recognize the location and the character of the sac 
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(whether saccular or not) will lead to a greater use of surgical treatment in 
.thoracic aneurysm is one of the problems of vascular surgery. 

For aneurysm in the above location, wiring with electrolysis (Moore-Cor- 
radi) has many advocates. Ransolioif, Stewart, Ilunner, Matas, Finney, Hare, 
Lusk, and others are ardent advocates of the method; while Freeman, Jacobson, 
Rowlands, and others do not believe the benefits obtained are commensurate 
with the dangers of the operation. 

Finney and Lusk in their recent publications have given the essential 
features of this form of surgical procedure. The facts herein stated, and those 
in the general statement on wiring, arc obtained from these publications. 

The essential details are a rigid asepsis, appropriate wire (see Lusk’s 
description as given in the general statement of treatment in this article), a 
constant current, rheostat, ammeter, etc., the use of morphin, and local infiltra¬ 
tion anesthesia. 

The method is applicable only to aneurysm with a definite sac, i. e., saccu¬ 
lated aneurysm, and to this form only in the ascending,,the transverse, and to 
a lesser extent in the descending portion of the thoracic aorta. It is not ap¬ 
plicable to aneurysms of the fusiform variety. 

The character of the needle varies with different observers. Finney uses a 
hollow needle not too large in caliber, insulated to within a short distance of 
the point by the best quality of French laccpier. Lusk recommends the gold 
porcelain-covered needle, described above. 

The wire receiving the most use is that advised by Ilunner (75 parts of 
copper to 1,000 of silver). Lusk from his experiments concluded that the gold 
platinum alloy “Olasp” wire (gold 62.9 per cent., silver 17.9 per cent., platinum 
13.4 per cent., copper 5.8 per cent.) was the most desirable. 

The amount of wire to be inserted is usually stated as ten feet. Freeman 
believes that the greater the amount of wire inserted the better, but Finney 
states that his observations have not borne out the above statement, but that wire 
in excess of 10 feet has prevented the contraction of the clot which resulted 
from the electrolysis. 

The needle should be well insulated to prevent an electric burn along the 
track of the needle. 

The strength of the current should not exceed 75 ma. (Finney) and the 
current should be used for at least 1 hour. In his later cases Finney continued 
the current for nearly 2 hours. Lusk suggests the use of a current of 100 
ma. for 15 minutes, then 50 ma., 40 ma., and 30 ma., each for 15 minutes, 
and states that he found the current used in these strengths and for the above 
periods of time as the most favorable for the production of the fibrin. 

The passage of the wire through the needle should be so carried out that the 
coils come in contact with as much of the sac wall as possible. After the cur¬ 
rent has been used the needle is withdrawn and the wire cut off close to the 
sac, and the projecting end of the wire buried beneath the entire thickness of 
the skin- so that it does not lie immediately under the skin wound. 
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To prevent hemorrhage along the track of the needle Lnsk recommends 
the procedure described under wiring in the general statement of that method 
in this article, and it would seem that his procedure would bo more serviceable 
and less dangerous than the pressure recommended by Finney. 

The after-treatment should consist in thorough medical treatment, espe¬ 
cially rest and the avoidance of any strain likely to increase cardiac tension, 
and the use of potassium iodid in 5 to 15 gr. doses thrice daily. 

Result of the Operation.—Esher collected and tabulated 38 cases up to 
1910. Bernheim added 21 cases to that number, including 18 nnreported cases 
of Finney’s, a total of 59 up to 1912 which have been submitted to wiring. 

Of Finney’s personal cases eight were abdominal and will be discussed un¬ 
der abdominal aneurysm. Twelve were thoracic "and, inasmuch as this sur¬ 
geon’s experience has been so large, a study of the results obtained by him would 
seem more profitable than a compilation of all the reported cases with their re¬ 
sults if any practical information is to be gained with regard to the utility of 
the foregoing method. 

. Of Finney’s 12 thoracic cases submitted to wiring, 5 were submitted to 
second operations, i. e., 17 wirings were done. No cases were reported cured, 
but one case was living 3 years after the operation. 

Eight cases were reported as improved. In one case the improvement has 
lasted thirteen mouths and the patient is still well. The improvement in 4 cases 
varied from 4 to 9 months. In the remainder the length of improvement is 
mentioned only up to the time of discharge from the hospital, 13 days to 6 
weeks, and is too short for any definite idea as to the relative merit of the 
wiring. 

Three cases were not improved in any way and 1 case died within a few 
days after the wiring as a result of a bronchopneumonia. In that case the wire 
was covered by a laminated clot. 

The chief relief was obtained in the decrease of pain. In 8 it was ab¬ 
sent after the wiring; in 3 cases it was markedly diminished; and in 1 there 
was no change. The pulsations diminished in 7 cases and the tumor decreased 
in size in 5 cases. 

The complications which may ensue are: 

1. An electrolytic burn along the course of the needle. 

This may occur if the needle is not properly insulated. The slough which 
results may permit hemorrhage along the track of the needle or the sac may 
actually rupture as result of the area of weakness thus produced. 

2. Charring of the sac by the use of too strong an electric current (Hal- 
sted’s case). Secondary hemorrhage occurred as a result of the subsequent 
necrosis about the charred area. 

3. Embolism *as a result of pieces of the fibrin becoming dislodged and 
swept into the peripheral circulation. 

Embolism occurred in the brachial in a case quoted by Finney in which 
gangrene of the forearm and hand occurred, necessitating amputation. 
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Salinger reports a case of cerebral embolism on the third day after wiring 
ah*aortio aneurysm with recovery of the patient. 

4j The passage of the wire into the heart. Parkam reports a case in which 
this occurred without fatal results! 

5. Infection about the needle wound or in the extravasated blood. 

6. Finney states that the newly formed clot may sh\int the blood agai^t 
a portion of the aneurysmal wall, cause it to bulge at the point of impact of the 
arterial stream and even to give way and result in fatal hemorrhage from this 
cause. 

The Use op the Ligatuep in the Teeatment of TiiouAcrc Aneurysms 

Temporary ligation of the thoracic aorta has been unsuccessfully tri’dd \n 
2 cases, Tormi and Villar, quoted by Boinet. 

Ligation of the aorta below the arch was done by Guinard through a pos¬ 
terior thoracostomy. Death supervened due to complete arrest of the urinary 
secretion. According to Matas this is the pertinent reason why ligation pf^ie 
aorta above the, renal arteries always proves fatal. 

Ligation of the peripheral arteries distal to the sac (Wardrop) in the treat¬ 
ment of the aneurysm of the arch of the aorta. 

The procedures advised for this method may be divided into various groups 
as follows: ligation of the common carotids, right and left; simultaneous liga¬ 
tion of the right common carotid and subclavian arteries; ligation of the right 
common carotid followed after a suitable interv^al by ligation of the right sub¬ 
clavian; ligation of the left common carotid and left subclavian, either simul¬ 
taneously or at two sittings; simultaneous ligation of the left common carotid 
and the left axillary artery. 

(This method has been applied not only to aneurysm of the arch of the 
aorta but to cases involving the branches of the aorta and no attempt has been 
made here to separate the groups in the statements from Jacobsthal and 
Guinard inasmuch as it is difficult to distinguish some of the forms.) 

Jacobsthal reports 44 cases in which one or more of the above operative pro¬ 
cedures were applied with 23 recoveries. Only 3 cases survived for 3 years. 

Guinard reports 15 personal cases. He recommends simultaneous ligation 
of the right common carotid and subclavian and insists upon the ligation of the 
carotid as the first step in the operation. 

In Guinard’s experience the results are better in those cases in which the 
aneurysmal sac is farthest from the heart. . He furthermore states that fr’om 
his experience distal ligation will give some benefit in all the cases in the region 
under discussion. 

Boinet and Matas believe that the use of distal ligation should be re¬ 
served as an operation of necessity for aortic aneurysm and should only be 
employed when medical measures have failed and the increase in the size of 
the aneurysm produces pressure symptoms which promise to result fatally. 
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Riinunell reports a case of aneurysm of the descending aortn in which he 
suttoed the opening in the vessel after temporary control of the circulation. 
He exposed the artery through a posterior thoracotomy wound such as is used 
^ expose the esophagus. His case died from secondary hemorrhage which he 
flunks could have been prevented by not packing the wound and by reinforcing 
toe suture line by a fascial transplant. 

AlIEtJBYSMS OF THE ABDOMINAl. AORTA 

The Ligation of the Abdominal Aorta.—The abdominal aorta was first ligated 
by Sir Astley Cooper in 1817. According to Matas it has been done 1.5 times 
since then and in all of these cases it has resulted fatally. 

. Iteen (1899) ligated the abdominal aorta close to the pillars of the dia- 
pOTagm. His case survived 48 days and died as a result of ulceration and rup¬ 
ture of the aorta at the site of the ligature. In his remarks on his case Keen 
co^iders it remarkable that there was so little change in the urinary secretion 
in ni|^patient. The early establishment of collateral circulation after ligation 
of the aorta he considers as due to the previotis establishment of the collateral 
circulation caused by the existence of the aneurysm. As a result of the col- 
latei:al circulation thus established, the hunian subject can survive ligation of 
the abdominal aorta without gangrene of the limbs or paralysis of a permanent 
nature from changes in the cord. lJut he states further that “death will result 
from the cutting through of the ligature and secondary hemorrhage in all cases 
in which this method is applied.” 

It is needless to state that the condemnation of Keen is a sufficient contra¬ 
diction against the performance of ligation for aneurysm of the abdominal 
aorta. 

Temporary Compression of the Abdominal Aorta.—i. BY A tourniquet. 
—Temporary compression of the abdominal aorta by means of a tourniquet 
was devised by Murray in 1804 and u.sed by him successfully. 

Barwell reported .5 sticcessfjil cases up to 1889. Death usually occurs from 
injury to the intestines underlying the tourniquet and as stated under the para¬ 
graphs on compression in general the method has little to commend it at this 
time. 

2. BY THE USE OP INSTRUMENTS APPLIED .TO THE ARTERY THROUGH 
A LAPAROTOMY WOUND. —Keen as a result of his experience with ligation 
devised a clamp so constructed as to cause a conical constriction of the 
artery. 

By means of this instrument applied to the abdominal aorta through a 
laparotomy wound the circulation may be partially or completely arrested for 
any length of time according to the effect of this occlusion upon the patient and 
the aneurysm. When the occlusion has been satisfactory, the clamp should bo 
removed. 

Keen reports the results of animal experimentation with the clamp and 
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from them concludes that the clamp might have a field of usefulness in the 
treatment of abdominal aneurysm. 

Stratton has devised an instrument so constructed that a band of tape can 
be gradually drawn tight about the aorta, thus gradually constricting it, and 
recommends .its use in abdominal aneurysm. Like Keen’s compressor the in¬ 
strument is left in situ during the period of compression and is removed when 
it has served its purpose. 

The idea in both is to compress the artery gradually on the proximal side 
so that a collateral circulation may develop before the blood stream is com¬ 
pletely arrested. 

3. BY METAL BANDS APPLIED TO THE ARTEET.— The TTalsted aluminum 
bands are also devised for the gradual occlusion of the artery in abdominal 

aneurysm. Experimentally these have 
proved most satisfactory and their applica¬ 
tion to the human should be followed by simi¬ 
larly successful results. 

I Intrasaccular suture (Matas’ operation) has 

^ been done by Lozano, Munro, Crilo, and Gibbon. 

these were failures due to hemorrhage. 
” Matas states that the operation is distinctly con¬ 

tra-indicated in aneurysms aboye the renal ar¬ 
tery and all cases where free access to the sac and 
complete preliminary control of the circulation 
arc impossible. 

The result of any operation upon abdominal 
aneurysms will depend upon the strain thrown 
upon the heart. Katzenstcin and Oppergcld have 
shown that ligation of the abdominal aorta below 
the inferior mesenteric artery is accompanied by 
such an enormous rise of blood-pressure on the 
proximal side of the ligature that except in 
absolutely healthy hearts acute cardiac dila¬ 
tation occurs and death may result from this 
cause. 




As stated by Keen, the ligature will cut 
through in all cases and death will result 
from hemorrhage. 

Wiring of abdominal aneurysms occurred 
8 times in Finney’s series. The technic is 
similar to that described under thoracic an¬ 
eurysm. Two cases were improved slightly 
without any definite change in the anetirysm; 1 was not improved; and 5 cases 
died. The cause of death is not given in 3, but occurred within a short time 
after the operation. In 1 case death was due to the rupture of the sac, in the 
other death occurred as a result of infection about a previously placed Halsted 
metal band. 


Fio. il.—H alsted Aluminum Bands. 
A shows clamp for the application of 
the aluminum band of Halsted. B 
shows band on the jaw of the instru¬ 
ment in the process of being curled 
about the vessel. Further compres¬ 
sion of the band to the desired degree 
of obliteration of the vessel is done 
by the finger. (After Halsted.) 
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Halstcd, Nassetti, Matas and Allen have sngj^estcd the application of vari¬ 
ous methods which have a proven (‘xporiinental basis for the treatment of 
thoracic and abdominal aneurysms. 

Nassetti suggests the use of free fascial transplants so applied as to con¬ 
strict the lumen of the vessel cither above or below the sac. 

llalsted has u.sed strips of aorta either as a circular cuff or in his later ex¬ 
periments as a spiral strip so applied as to constrict the lumen of the ai’tery 
and hence the force and quantity of the blood stream beyond the constriction. 

Matas and Allen in .some experimental efforts upon plication of the thoracic 
aorta by lateral parietal suture in dogs believe from their results that this 
method of narrowing the lumen of the vessed is a safer and more certain way 
of constricting the lumen of the vessel than can be’obtained by metal bands and 
believe that it may find a field of usefulness in the reduction of the fusiform, 
cylindrical or saccular aneurysms, either by strengthening the wall of the sac 
by this plication applied to the sac itself or by plication of the artery above or 
below the sac to reduce the vis a tergo of the blood stream to the sac. They 
further suggest that the use of free fascial flaps (Nassetti) or the strips of the 
aorta (Halstcd) to narrow the lumen of the vessel immediately above the ves¬ 
sel should find a greater field of u.sefulness in producing a partial occlusion of 
the artery above or below the sac and a reduction in the si/.e of the ancnry.sm by 
this method pending the development of a collateral circulation. When the 
latter has developed further occluding methods might be carried out with a 
more reasonable assurance; of success. 

One is forced to conclude that the treatment of abdominal aneurysm as yet 
has not reached its solution. Whether the operation of the future will com¬ 
prise the newer methods of fascial or arterial strip occlusion (Nassetti, FTal- 
sted), or the plication method of IMatas and Allen, is as yet undetermined. 
The success obtained by their use in animals suggests a possibility that they 
may solve the problem of the surgical treatTiient of abdominal aneurysms in 
man. 

ANEURYSMS OF THE RENAL ARTERIES 

Keen collected 12 cases of aneurysm of the renal artery and reported 1 of 
his own in 1900. 

The treatment advised by Oestreich and emphasized by Keen is extirpa¬ 
tion of the kidney with the aneurysm. 

Three cases were submitted to operation and all recovered. ' 


INNOMINATE ANEURYSMS 

The treatment of innominate aneurysm is practically limited to the use of 
distal ligation and Aviring with electrolysis. Acupuncture, wiring, and the 
proximal ligation have been discarded for reasons Avhich have been discussed 
under the general treatment. 

26 
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The method of wiring with electrolysis has been sufficiently discussed under 
thoracic aneurysm and does not differ from that given for use in innominate 
aneurysm. 

The method of election in the treatment of aneurysms in the innominate 
artery is distal ligation (Wardrop) of one or more of the branches of this ves¬ 
sel, i. e., simultaneous ligation of the right common carotid and the right sub¬ 
clavian. The right common carotid should be tied first, then the right sub¬ 
clavian. Jacobsthal states that only 2 of the cases of the 120 known to him 
which have been treated by distal ligatiire have lived for more than 3 years 
and regards the prognosis as very unfavorable. Tmbert and Pons give the re¬ 
sults as collected by them as apparent cures, 22 per cent.; failures to influence 
the growth of the aneurysm, ’30 per cent. 

The complications to be dreaded most are cerebral softening due to the 
ligation of the common carotid, and secondary hemorrhage. 

The Halsted band may have a field of usefulness in preventing such cere¬ 
bral complications by its application to the carotid, with gradiial occlusion of 
that vessel, which might be made permanent after a suitable interval. Partial 
occlusion by the fascial strip (Nassetti) or the spiral arterial strip of Halsted 
'may find a field of future usefulness. 

Infection of the wound (21 wound infections in til operations), while a 
common occurrence in Burns’ statistics, did not apparently affect the outcome. 

COMMON CAROTID ANEURYSMS 

The operative treatment of common carotid aneurysm is limited to proximal 
or distal ligation of the artery, the Antyllian operation, extirpation of the sac, 
the Matas operations, and the use of the Halsted metal bands, or in special cases 
by some form of clamp so constructed as to cause gradual occlusion of the 
vessel. 

The proximal ligation (Anel) or the application of a metal band or clamp 
to the proximal side of the aneurysm is limited to those cases in which there is 
sufficient space between the aneurysm and the origin of the common carotid 
from the innominate or the aorta as the case may be. 

The use of the double ligature with evacuatiort of the clot (Antyllus), ex¬ 
tirpation of the sac and the Matas operation, are subject to the same limitations 
as the above, inasmuch as proximal control of the circulation to the sac is essen¬ 
tial'to their successful outcome. 

Distal ligation (Brasdor) or the distal application of the Halsted bands is 
especially adapted for application to those aneurysms of the carotid which are 
intrathoracic and which fuse with the innominate or the aorta. 

The essential difficulty encountered in any of the above forms of treatment 
for carotid aneurysms lies in the dangers incident to the cerebral anemia which 
follows the arrest of the circulation on the occluded side. 

For the purpose of preventing these cerebral complications, the band of 
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Halsted has a wide field of usefulness. The principal essential features of its 
application in common carotid aneiirysin are the use of local infiltration anes¬ 
thesia ; the exposure of the common carotid at the site of election by this method 
of anesthesia; the application of a Halsted metal band to the eonmion carotid 
distal to the sac, and the closure of the band just tif^lit enough to obliterate the 
lumen of the vessel. After the band is tightened the onset of cerebral symp¬ 
toms will occur promptly if the collateral circulation is defective; should such 
symptoms arise, the band is cut and removed and with its removal the cerebral 
symptoms will subside with the return of the circulation to the anemic area. 

Smoler devised a specially constructed clamp to produce gradual occlusion 
of the carotid artery to prevent cerebral complications. He reports 3 success¬ 
ful cases in which he used his clamp without these*complications. 

After the question of cerebral disturbance has been settled, the subsequentT 
treatment of the sac will depend upon 3 factors, i. c., the absence of pulsa¬ 
tion, of pressure symptoms, and changes in the size <jf the tumor. 

In those cases in which the pulsation, etc., disappear, following the applica¬ 
tion of the band, nothing further need be done. 

In cases in which pressure symptoms remain the sac may be exposed and the 
vessel ligated on the proximal side and the contents of the sac evacuated; or the 
vessel ligated and the sac extirpated; or if the proximal circulation can be con¬ 
trolled the sac may be treated by the IMatas obliterative endo-aneurysmorrhaphy. 
The treatment of the sac must of necessity depend upon the symptoms which its 
pressure causes or the structures necessarily injured in its treatment. All of 
these factors nmst be weighed carefully and the result of the decision thus 
arrived at carried out according to one of the above described methods. 

The dangers in the past have been due to the disturbance in the brain fol¬ 
lowing the ligation of the common carotid. Delbet states that cerebral compli¬ 
cations occur in 20 per cent, of the cases. Jordan says that they occurred in 
25 per cent., and of these, 10 per cent. died. Smoler had it happen in 2 of 
his cases in which elastic ligatures were used, while it was absent in the 3 
cases in which gradual occlusion was producx;d by his clamp. Halsted states 
he has applied the metal band to the carotid “many times” without accident. 

In 3 personal cases in which the common carotid was tied for pulsating 
exophthalmos, evanescent cerebral symptoms occurred in 1 case and disappeared 
with a return of the bruit over the head. 

INTEBNAli CAROTID ANEURYSMS 

These may be intracranial or extracranial. For the treatment of the former, 
see pulsating exophthalmos. 

The same general conditions spoken of under innominate and common 
carotid aneurysms apply in the treatment of internal carotid aneurysms, 
namely the dangers of cerebral complications and the efficiency of the collateral 
circulation should always be tested preliminary to a ligation of this artery. 
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For this purpose the Halsted metal band or some form of specially constructed 
clamp should be used. The temporary occluding agent should be applied 
preferably to the common carotid artery, due to the ease with which the vessel 
may be approached. In those cases in which the aneurysm is placed low down 
upon the internal carotid, ligation or compression of this vessel may be prac¬ 
ticed on the distal side. 

Matas advises extirpation or preferably obliterative endo-aneurysmorrhaphy 
for those cases in which ligation docs not cure the condition. To reach the sac 
he advises the use of the incision necessary for the removal of retropharyngeal 
tumors with temporary resection of the lower jaw. He furthermore advises 
obliterative endo-aneurysmorrhaphy with packing of the sac as more advisable 
and safer than any attempt at obliterating the sac. 

Aneurysm of the internal carotid is not common. Herzen records it as 
occurring only twice in his cases, once with aneurysm of the external carotid. 
Monod and Van Verts in their collected cases mention 1 case (Mullen and 
Stanton) in which restorative endo-aneurysmorrhaphy was attempted and failed 
beeause of secondary hemorrhage and death occurred due to that cause. Matas 
does not mention it in his paper on the statistics of endo-anenrysmorrhaphy in 
1908, but in “Keen’s Surgery’’ quotes Bobbio as stating that there were 18 cases 
of aneurysm of the vessel up to 190G with- ligation of the common carotid in 11 
cases with 6 recoveries. 

Aneurysm of the External Carotid and Its Branches.—Aneurysms of the 
trunk of the vessel are rare, while aneurysms of the branches are quite common. 
Herzen mentions external carotid aneurysm in 2 cases (1 in combination with 
internal carotid aneurysm). Monod and Van Verts do not mention it in their 
collected cases. Helbet (1895) collected 11 cases of aneurysm of the external 
carotid. * 

Aneurysms of the branches of the external carotid are quite common. 

The trfatment of aneurysms of the external carotid or its branches depends 
upon the location of the aneurysm. If the sac is close to the origin of that 
artery near its bifurcation from the common carotid, Matas advises temporary 
clamping of the common carotid with obliterative endo-aneurysmorrhaphy of 
the vessel and that method of obliteration of the sac which best suits the 
aneurysm in question. 

The small aneurysms either on the trunk or on its branches should be 
ligated and extirpated unless the relation of the important structures to the sac 
are such- that extirpation would be dangerous. In the latter instance they may 
be treated by intrasaccular ligation or suture and the sac obliterated. 

Dawbam suggests the obliteration of the external carotid by paraffin injec¬ 
tions for aneurysms of the branches of that artery which are difficult of access. 
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SUBCLAVIAN ANBUBYSMS 

The treatment of aneurysms of this vessel eomprises every conceivable 
remedy suggested for the treatment of aneurysm. 

Souchon found that medical measures alone were successful in 11 out of 
35 cases. Elliot emphasizes the fact that iii slowly growing aneurysms of 
small size such treatment is indicated and cites a case of his own treated by 
rest and diet in which the aneurysm perceptibly decreased in size and the 
patient* improved. To the above suggestion one might add the use of potas¬ 
sium iodid in from 5 to 15 gi’ain doses 3 times a day over a long 
period. 

The other non-operative methods may be dismissed without further con¬ 
sideration as useless. 

The Operative Treatment.—]\Iatas divides the operative treatment proposed 
as curative for subclavian aneurysms into 0 groups: 

1. Incision into the sac, digital plugging of tlie orifices, and ligation of the 
poles of the sac (Syme, 1800). 

2. Disarticulation of the shoulder joint. 

3. Ligation. 

4. • Extirpation. 

6. Ancurysmorrhaphy. 

6. Gradual occlusion by the Ilalsted metal bands. 

Of these, only tlie last 4 arc worthy of consideration. 

Jacobsthal summarizes the forms of ligation and divides them into di.sta1 
ligations in which the axillary, carotid, axillary and carotid, or third portion 
of the subclavian were tied in various combinations. Proximal ligations in 
which the subclavian was tied in all 3 of its divisions, or the subclavian with 
the carotid, alone or in conjunction with the vertebral; or the innominate 
alone or in combination with carotid, subclavian, vertebral, and internal mam¬ 
mary in various combinations. Proximal and distal ligations in which the 
subclavian and the axillary were tied: 

Jacobsthal, in his collected cases since 18f)0, 25 in number, states that 
the mortality was 16 per cent., gangrene of the arm occurred 3 times, and of 
the hand, 4 times. 

Matas, in his statistics on arteriovenous aneurysms of the subclavian ves¬ 
sels, found that gangrene occurred in 13.5 per cent, after the ligation of both 
artery and vein, and in 1.7 per cent, after ligation of the third division of the 
subclavian. 

Aneurysms of the subclavian are most frequently found in the first and 
third divisions'of that vessel. According to their relation to the scalenus anticus 
they are called extrascalenic or intrascalenic (Savariaud). The second por¬ 
tion of the artery is usually involved by extension of the aneurysm from one or 
other of its divisions. 

In the extrascalenic aneurysms, the method of election, if ligation is pur- 
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sued, is proximal ligation or proximal and distal ligation with extirpation 
of the sac where it is possible. 

In the intrascalenic, proximal ligation is more dangerous than distal liga¬ 
tion and this latter procedure should be attempted first. 

In those cases in which it is possible to obtain preliminary hemostasis the 
Matas obliterative endo-aueurysmorrhaphy is more advisable than any form of 
ligation. Elliot states that the great advantages of the obliterative operation of 
Matas are that it is almost always permanent, cures the aneurysm and that the 
dangers of secondary hemorrhage are very slight, once in 03 cases of obliterative 
aneurysmorrhaphy; that gangrene of the extremities is rare, 3 to 5 per cent., 
and that the mortality of the operation was 3 per cent. Relapse occurred in 
IMj cent. Gangrene occurred in 6i/> per cent., and the mortality was 
7 per cent, in ligation alone, with 74 per cent, of cures. Excision of the sac 
gave 90 per cent, of cures, with l*/> per cent, of relapses, and a mortality 
of 3 per cent.; gangrene occurred in 4 per cent. The inference from the 
above statistics of Monod, Van Verts, and Matas, according to Elliot, is that 
the Matas operation and the treatment of the aneurysm by e.xcision arc about 
of equal merit and superior to ligation. 

Monod and Van Verts, however, do not believe that the Matas operation is 
suitable for subclavian aneurysms. 

Elliot believes that the most satisfactory treatment of aneurysm of the third 
portion of the subclavian is the ligation of the first portion of that artery to¬ 
gether with its branches with the possible exception of the vertebral. 

If recurrence takes place, then distal ligation as close to the sac as possible 
may be done. Should the aneurysm recur after this procedure, extirpation may 
then be done after the ligation of the other vessels to the sac. 

Elliot further advises a preliminary resection of the clavicle and, if neces¬ 
sary, of the manubrium. 

Halsted has applied his metal band to the subclavian twice without acci¬ 
dent and a thorough trial of this method may prove it to bo the method of elec¬ 
tion for anburysm of the subclavian. 

The result of any treatment for subclavian aneurysm may be followed'by 
some sensory, motor, or trophic disturbanoes in the extremity. B^irthermore, 
after ligation, etc., aneurysm of the aorta is prone to develop. 

AXnXABY ANEUSYSMS 

The treatment of aneurysms in this region comprises ligation, proximal and 
distal, the Antyllian operation, extirpation of the sac, the Matas operation, the 
use of the Halsted band, and one or other of the so-called “ideal” operations. 

The objections to the use of the ligature arc, its failure to cure, the liability 
to relapse, and the dangers of gangrene. 

Extirpation of the sac is preferable to ligation but is apt to be followed by 
injury to the brachial plexus and the axillary veins. 
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For that reason the Matas operation, the Halsted band, or some one of the 
forms of the ideal operations is to be preferred. 

The selection of the type of the above 3 forms of operative treatment must 
of necessity depend upon the conditions to be met at the operation and the 
equipment and experience of the operator. 

The treatment of aneurysms of brandies of the axillary down the arm and 
into the hand resolves itself into extirpation or some form of the ideal opera¬ 
tion. Excision is easily carried out in most eases and if the anatomical rela¬ 
tion to nearby nerves is given sufHeient consideration, it will result in a cure 
without any neurological complications. 

In suitably selected cases some reconstructive ojieration upon tho artery or 
vein or both (ideal operation) may find a field of further usefulness. 


ANEXJBYSMS OF THE ILIAC ASTEBIES 

These may, according to Alatas, be divided into (a) aneurysms of the exter¬ 
nal iliac tract, including the common iliac artery, the external iliac, the ilio¬ 
femoral, and the common femoral to the origin of the profunda artery; (b) 
aneurysms of the interna! iliac (hypogastric) and its branches. 

Aneurysms of the External Iliac Tract.—Halsted (“The Effect of Ligation 
of the Common Iliac Artery, etc.,’’ Johns Hopkins Hull., xxxiii, 191) has col¬ 
lected the cases of ligation of the common iliac arteri(>a and divides them into 
2 periods: up to 1880, and from 1880 to 1912. For the older group, the reader 
is referred to the original article. 

Of the cases collected from 1880 to 1912, 30 in number, 14 died; gangrene 
occurred in 12; and in 11 that recovered without gangrene function in tho 
limb was distinctly interfered with. In the 11 cases of recovery recurrence of 
the aneurysm occurred in one case and Halsted believes that this would have 
happened more frequently had the cases been observed long enough. Extir¬ 
pation of the sac has rarely been resorted to except in aneurysm of the external 
iliac, and gangrene occurred in 20 per cent, in this group (Matas). 

Endo-aneurysmorrhaphy in Matas’ opinion would meet the indications ad¬ 
mirably for those aneurysms in which the circulation could bo controlled and 
he advises compression of the abdominal aorta to bring about this temporary 
hemostasis. In 2 cases (Frazier, Mitchell) severe hemorrhage occurred from 
collaterals to the sac in spite of preliminary hemostasis. Matas states that the 
statistics are not yet sufficient to draw conclusions as to the value of this pro¬ 
cedure. 

The obliteration of femoral aneurysms giving off the deep epigastric, cir¬ 
cumflex iliac, and profunda arteries will be followed by more or less serious 
impairment in the circulation of the foot and leg due to disturbance of the- 
collateral circulation. Obliteration of an aneurysm of the iliac artery above 
the origin of these vessels should not produce as great a disturbance in periph¬ 
eral circulation. 
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, Halsted reports the cure of an iliofemoral aneurysm by the application of 
o^ne of his bands to that vessel and the result of his operation would indicate 
that that method is worthy of a more extended trial. 

More recent methods for partial occlusion (Halsted, Nassetti, Matas and 
Allen), proximal or distal, have not yet been tried clinically. Tlicir success 
experimentally would suggest a definite field of clinical usefulness. 

From the above meager resume, it would seem that one of the methods 
of partial occlusion should be \ised as the first stage in the treatment of 
iliac aneurysm and this preliminary step followed by some further secondary 
operation to meet tlie conditions which remain after the occlusion. The 
character of the secondary .operation must of necessity be selected in each 
case. 

Internal Iliac Aneurysms.—Any of the branches of this vessel may become 
aneurysmal. 

I'liose brandies most fre(piently involved are the gluteal and sciatic arteries. 
These may be intra- or extrapelvic. The former are so infrequent as to need 
little consideration. In 1 case of the writer’s of intrapelvic aneurysm, which 
from its location suggested its origin from the sciatic, operation was refused 
and the patient developed sciatic nerve paralysis and subsequently died of 
hemorrhage while under medical treatment for that condition. 

The extrapelvic variety of aneurysms of this vessel, while not common, is 
of sufficient surgical interest to deserve mention. The majority are due to 
traumatism and are chiefly outside the pelvis, although some may project 
through the sciatic notch into the pelvis, 

Frischberg collected 19 cases of gluteal aneurysm submitted to radical sur¬ 
gical procedures. In 2 of his collected cases proximal ligation (And) was done 
with 1 death; the internal iliac was tied in 5 cases with two deaths; the com¬ 
mon iliac was ligated in 1 case which resulted fatally; in 11 cases treated by 
the Antyllian method there were 2 deaths. 

Rupp collected 45 cases of gluteal aneurysm and reports a successful extir¬ 
pation of gluteal aneurysm by Lexer. 

Bryan collected 24 cases of sciatic aneurysm and reports a case of his own 
successfully treated by extirpation. 

Of the methods used he mentions injection of chlorid of iron in 4 cases; 
medical treatment in 1 case; compression in 2 cases;-clamping of sciatic in 1 
case; galvanopuncturc in 1 case; ligation of common iliac in 2 cases; ligation 
of internal iliac in 5 cases; ligation of hypogastric in 4 cases; ligation of sciatic 
in 5 cases. 

He considers it feasible, at this stage of modern surgical development, 
to attempt any of the finer surgical procedures of obliteration such as suture, 
Halsted’s occlusion methods, the Matas operation, or the wiring methods 
.(Moore-Corradi) for this important terminal artery, but believes that ligation 
and extirpation of the sac should be the method of election for the treatment of 
aneurysms of this artery. 
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Ligation of the common iliac is contra-indicated, owing to the dangers in¬ 
cident to that operation. Temporary ligation or clamping of the internal iliac 
might be used for those cases in which the aneurysm projects into the notch 
until the sciatic artery could be properly secured on its proximal side when the 
internal iliac could be freed from the temporary compression. 

The method of election in the treatment for aneurysm of the sciatic and 
gluteal arteries would then be extirpation of the sac with or without temporary 
occlusion of the internal iliac artery. 

The incision best adapted for the purpose of extirpation is a long curved 
incision from the great trochanter parallel to the gluteal fold across the but¬ 
tock. The tendon of the gluteus maximus should be cut together with the 
gluteus medius and these muscles so displaced as to expose the aneurysmal 
swelling. After all structures, especially the sciatic n<*rvc, arc dissected free, 
ligation and extirpation are done in the ordinary manner. Drainage is indi¬ 
cated. Infection occurred in Jlryan’s ease; but it seemingly did not interfere 
with a successful outcome. 


FEMOEAL ANEUEYSMS 

Ihese arc aneurysms of that portion of the femoral arteiy from the origin of 
the profunda to the popliteal end of Hunter’s canal. 

Herzen quotes deep femoral aneurysms as occurring !) times and superficial 
femoral aneurysms as occurring 2(i times in the traumatic aneurysms treated 
by the Russian surgeons. 

Of the older methods, compression in its various forms and ligation were 
frequently practiced (Matas, Dolton). 

Extirpation, aneurysmorrhaphy, or some form of the i<loal operation would 
seemingly be the method of election for aneurysm in this region. 

Aneurysm of the profunda femoris is rare. A case of the writer’s due to 
subtrochanteric fracture with successful obliterative endo-ancurysrnorrhaphy is 
quoted in that portion of this article devoted to the Matas operation (v. supra). 

Superficial femoral aneurysm, due to the ease with which the circulation 
can be controlled, readily lends itself to the more radical forms of surgical 
treatment. In those cases in which the collateral circulation is sufficient to 
avoid the dangers of gangrene, cxtii^ation is undoubtedly the method of 
choice. 

When the vitality of the limb is threatened by occlusion of the vessel, 
restorative or reconstructive cndo-aneurysmorrhapliy or some one of the forms 
of the ideal operations could be used in properly selected cases. 

POFZJTEAl. AKEX7EYSMS 

Aneurysms in this region are the most frequent of all the forms of 
peripheral aneurysms. 

For this reason there are more methods of treatment than need any seri- 
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ous consideration. On&niay divide the therapeutic procedures into ancient and 
naodern methods: 

The ancient methods comprise compression, acupuncture, wiring, li^tion, 
proximal and distal, and amputation of the leg. It does not lie within the 
province of this article to discuss the demerits of the above forms of treatment. 
Those interested in the subject will find the data in Uelbet and Matas. 

The modern treatment is of chief interest. Of the radical methods, ex¬ 
tirpation and the Antyllian operation are old in years but still have modern 
advocates. The Matas operations, the methods of gradual occlusion, and the 
ideal operations are of more recent development. 

Herzen, Uelbet, Monod and Van Verts believe that extirpation is as suc¬ 
cessful as any of the other forms of treatment. Aseptic ablation of the sac is 
the ideal operation in their estimation. Herzen believes that infection is an 
important factor in the production of the late results of this operation (i. e., 
inflammatory edema, vascular thrombosis, peripheral nerve disturbances, etc.). 

Matas regards the various forms of his operation selected to meet the given 
conditions as the ideal operation for aneurysms of this region. He quotes 62 
cases treated by his method with 1 death; 2 cases of gangrene of the limb; and 
3 relapses cured by a secondary intrasaccular operation. In 18 of his col¬ 
lected cases the artery was reconstructed so that the continuity of the blood 
stream was uninterrupted. 

Halsted states that he applied the metal band in 1 case of popliteal aneurysm 
but gives no details. Any form of partial occlusion would it seems to me have 
a very limited field of usefulness in this locality and should be limited to those 
cases in which any more complete operation would undoubtedly cause gangrene. 
Under such conditions, partial occlusion might be used pending the develop¬ 
ment of collateral circulation or even to reduce the size of the aneurysm before 
proceeding to more radical methods. 

The value of the so-called “ideal operation” so selected as to fit the indi¬ 
vidual case of popliteal aneurysm is as yet undetermined, but it would seem that 
the field of usefulness of these more or less intricate procedures is very definitely 
limited. The first limitation is covered by general experience on the part of 
the ordinary surgeon in the technic of vascular surgery. That is easily sur¬ 
mountable by a process of education. second and more important limita¬ 

tion is included in the detail of the operation. This detail is necessarily arduous 
and time-consuming and it yet remains to be proven whether the end justifies 
the means. 

Selected cases, especially of small aneurysms easily ablated or of small 
arteriovenous sacs, in the bands of adepts in vascular surgery, will, I believe, be 
the restricted field of this form of surgical treatment in popliteal aneurysm. 
(See Ideal Aneurysm Operations under the general discussion for further de¬ 
tails.) 

In 2 personal experiences with popliteal aneurysm the obliterative opera¬ 
tion of Matas was easily performed and the result Avas most satisfactory. One 
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case was observed for 6 years withoxit any sign of recurrence. The only disa¬ 
bility in either case was a limitation of about 10 per cent, in flexion in the knee 
involved in the operation. 

It would seem from the above that the operation of election in the treat¬ 
ment of popliteal aneurysm would be the Matas operation in one of its forms. 
That form of endo-anetirysmorrhaphy must be chosen which will meet the con¬ 
ditions of collateral circulation prevailing in the case in question (see general 
discussion on the Matas Operation). 

Should conditions arise during the operation or afterward which render 
success more likely by means of some other form of operative procedure, extir¬ 
pation, the Antyllian method, and the ideal operations must be matters of 
selective second choice. 

In the vessels peripheral to the popliteal space, Herzen mentions aneurysm 
of the posterior tibial in 5 cases, anterior tibial in 4 cases, anterior and posterior 
together in 3 cases, peroneal in 1 case. All were the result of warfare injuries. 
The essential method of treatment is aseptic extirpation of the sac. 
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LIGATIONS OF ARTERFES IN CONTINUITY i 
Walton Martin * 

GENERAL CONSIDERATIONS 

The ligation of an intact artery is spoken of as ligation in continuity, 
and tlie term is used in contradistinction to the tying of a severed vessel. The 
arteries are exposed and ligated in continuity for a number of exmditions: 

(1) in the treatment of aneurysms, the ligature being placed near or at a dis¬ 
tance from the sac, either distally or proximally (see chapter on Aneurysms); 

(2) as a preliminary measure in certain operative procedures, thus the lingual 
arteries may be exposed and ligated to control the hemorrhage in removal of 
the tongue; (3) to chock hemorrhage in some branch not accessible; (4) to 
modify glandular activity, for example the superior and inferior thyroid 
vessels are ligated in certain cases of hyperthyroidism; (5) for wounds of the 
larger arteries. 

Instruments. —The instruments required are: scalpels, thumb and mouse- 
tooth forceps, retractors, scissors, grooved directors, artery forceps, aneurysm 
needles, and ligatures. 

Ligatures. —The materials ordinarily used are silk, kangaroo tendon, chro¬ 
mic catgut for the larger vessels and plain catgut for the smaller vessels. In 
ligating the larger vessels the material used should be slowly absorbable, suf¬ 
ficiently pliable to tie easily and strong enough to stand considerable tension. 
It is also desirable that the surfaces of the ligature material used should offer 
sufficient friction to prevent the first loop of the knot from slipping. 

Kangaroo tendon is very strong, slowly absorbable and flat on cross-section 
rather than round, so that wider surfaces of the arterial walls are brought 
in contact. It, however, has a smoother surface than the other ligatures and 
thei'efore there is more tendency for the firat loop of the knot to slip. This 
objection is met by using the stay knot. 

Chromic catgut is slowly absorbable but it is not as strong as kangaroo 

‘The anatomical terms employed in this chapter are those given by the Basle Ana¬ 
tomical Nomenclature. These terms have been adopted in the recent editions of the Stand¬ 
ard Anatomies. 
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tendon, the surface is less smooth and the loops of the knot have less tendency 
to slip. Silk is strong and very pliable, and the knots have even less ten¬ 
dency to slip, but it is not as well tolerated by the tissues, and it is nonab¬ 
sorbable. Soft floss silk should be used, as the ordinary plaited or twisted silk 
in the heavier ligatures makes a very hard knot. 

The Knot.—The pressure in the larger vessels makes it difficult to keep the first 
loop of a square knot or even of a surgeon’s knot from slipping and loosening and thus 
failing to occlude the lumen of the vessel completely; this fact has been frequently 
observed and is borne out by the experimental work of Ballanee and Edmunds (2). 

• They suggested the use of the so-called stop knot, and this is the best knot for the 



Fig. 1.—The Stay Knot. A, First loop; D, second loop. (Ballanee and Edmunds.) 

purpose. Two or more ligatures are passed around the vessel side by side, and the 
first loop of a square knot tied, care being taken that the twists of the loops pass in 
the same direction. The free ends of the ligatures are then tightened, sufficient force 
being applied at the same time to occlude the vessel. The friction of the ligatures 
lying side by side is sufficient to keep the first loop of the knot from slipping. The 
two ligatures are then treated as a single ligature in tying the second loop of a square 
knot (Fig. 1). 

The Force to Be Applied and the Question Whether or Not It Is Necessary to 
Kupture the Vessel Wall. —It has been asserted that sufficient force should be 
applied to occlude the vessel but not to rupture the wall. The vessel wall is 
thus thrown into transverse folds, the folds lying in contact with one another so 
that the vessel is completely plugged (Fig. 2). Rupture of the arterial coats 
of the larger vessels is said to be accompanied by the danger of secondary 
hemorrhage. This view was supported by the experimental work of Ballanee 
and Edmunds (2) on the larger vessels of sheep and horses. Their treatise ap¬ 
peared in 1891. In 1894 Forgue and Bothezat (12), however, disagreed with 
these conclusions and, from their experimental work, condemned the ligation 
without rupturing the coats. They advised that the ligature be tied with suf¬ 
ficient force to rupture the inner and middle coats. Monod and Van Verts (18) 
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in their monograph on the surgery of arteries have adopted this view (1909). 

The amount of force necessary to rupture the arterial coats differs greatly 
in the living subject and in the cadaver, due to the difference in the intra¬ 
arterial tension, and is dependent on 
the size and pressure in the different 
vessels. If the stay knot is used, the 
force necessary to rupture is said in 
some cases to exceed ten pounds, which 
Lister said was the uiaxiinuin force 
which could he applied under the condi¬ 
tions of ligation in continuity. 'I'liorc- 
fore, in using a stay knot in 
the larger vessels one need not 
erring on the side of excess. 


ligating 
fear 


In several of the eases of ligature of 
the innominate artery re])orte(l since 1891 
(7) there is. reference to tlie fact that an 
effort was made to draw the liiratnro suffi¬ 
ciently tight to occlude the vessel hut not 
to rupture the coats. As tlie ligature is 
tightened there is a distinct give, when the 
conatj'icting force heeoinos sufficient to rup¬ 
ture the inner coats. From vessels the size 
of the femoral (8 mm., 0..32 in.) downward, 
it is certainly of no <!ons(!qu(>nce if the 
coats are ruptured, and I believe oven in 
the larger ves.sels there is more danger of 

not occluding the luiiicn than of causing sec;oiidary hemorrhage from rupture of the 
coats by the ligature. 



D 

Fio. 2.—A, Infoi.uinci of Vbssbl Walls 
1)Y THE LioATIIUF, WITHOUT llUFTUKlNO 
Them; U, Occlusion of .the Lumen by 
THE InFOLUINU of THE VESSEL WaLL. 
(Ballaiico and ICdinuiids.) 


Results.—Most of the deaths after ligature of tlic ves.sels done before the 
nature of infection was understood resulted from secondary hemorrhage due 
to infection. Statistics taken from cases reported since the introducing of 
antiseptic and aseptic measures sliow an extraordinary change in mortality. 
The ligation of any excepting the largest vessels nowadays creates no com¬ 
ment, and the cases are not as a rule reported excepting incidentally. 

The frequence of gangrene of the extremities following the ligature of 
the main vessels of the extremities seems, however, to h.ave slightly increased 
during the same period, judging from the cases collected and classified by 
Wolff (29). This may be due to the fact that ligature of the vessels of the ex¬ 
tremities is often not reported unless something unusual, such as gangrene, 
occurs. 

Recognition of the Artery. —The arteries during life are pinki.sh white 
and can be seen and felt to pulsate synchronously with the heart. The nerves 
ai;e round, pure white cords. The veins, often larger than the arteries, are 

>7 
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dark blue, flatten readily under the finger and become swollen when pressure 
is applied to the cardiac angle of the wound. 

Opening the Sheath of the Vessel and Passing the Aneurysm Needle. — The 
vessels and nerves are usually surrounded by a connective tissue sheath, and 
it is necessary to incise this sheath to pass the ligature about the artery: for 
example, the common carotid, the internal jugular and the vagus nerve are 



Fio. 3.—Pinching up the Sheath of the Vessels in a Transverse Fold. (Farabeuf.) 

contained in a connective tissue sheath, which it is necessary to open in order 
to pass a ligature around the earotid. The connective tissue of the sheath 
invests the vessel closely. The sheath may be opened by dividing the structure 
with a knife, care being taken that the cut simply passes through the sheath; 
or it may be pinched iip by thumb forceps so that a fold is lifted up trans-' 
versely to the axis of the vessel and over the artery. The fold is then in¬ 
cised. The incision should be about 10 mm. (2/5 in.). A button-hole is thus 
formed in the sheath, and if necessary this may be readily enlarged (Fig. 3). 
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After the sheath is opened the aneurysm needle is passed. The rule is 
to pass the needle away from the point of danger; thus the ligature isj>assod 
fronx without inward in ligating the common carotid, care being taken that 
^ the instrument is kept in eontacit with the artery, so that a vein or nerve lying 
in the sheath may not be included in the ligature. 


INNOMINATE ARTERY 


Anatomy. The innominate artery is .‘i to 4 cm. lf*ng and 

about 14 to 15 mm. (i/^ in.) in diameter. It rises from the arch of the 
aorta at the juJiction of the ascending and horizontal portion in front and to 
the right of the left common carotid. It pusses upward and to the right, and 



Fig. 4, Anterioh Mediastinum. NLi., Recurrent nerve; N.V., vagus nerve; N.P., phrenic nerve 
Am., internal nianunary artery (section). (After Zuckerkandl.) 


opposite the sternoclavicular joint divides into the two terminal branches, 
the right common carotid and the right subclavian. It is thus placed en¬ 
tirely within the thorax. The posterior surface of the sternum is separated 
from the vessel by the inferior insertion of the right sternohyoid and sterno¬ 
thyroid muscles, the remains of the thymus gland and the left innominate 
vein. It is also crossed by the cardiac filaments of the vagus and usually by 
the two right inferior thyroid veins. The innominate trunk crosses the 
trachea obliquely, and between it and the trachea are cardiac filaments of 
the sympathetic and recurrent laryngeal nerves. On its outer side it lies in 
contact with the pleura, which separates it from the right lung, and is in 
relation with the right innominate vein and the vagus. 

The projection of the course of the vessel on the sternum corresponds to 
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a line passing at the level of the lower border of the ifernal extremity of the 
first coptal cartilage in the mid line (Fig. 4) upward and outward to the level 
of a line passing through the middle of the right sternoclavicular articulation. 

Operation. —The patient is placed in the dorsal position with the neck 
extended and the shoulders slightly raised. 

FIRST METHOD. —The incision, about 7.5 cm. (3 in.), commences 

just above the clavicle and passes to the interval between the insertions of 
the sternal portion of the sternocleidomastoid muscle, where it is joined by a 
second incision of about the same length along the mesial border of the sterno- 
mastoid muscle. An angular incision is thus made with the apex of the angle 
downward. The skin, superficial fascia and platysma, sternomastoid, sterno¬ 
hyoid and sternothyroid arc divided in the line of the horizontal portion of 
the skin incision. The triangular fiap thus formed is retracted. A deep layer 
of fascia containing the inferior thyroid veins is carefully divided by blunt 
dissection, and the veins are retracted, or, if this is difficult, they are divided 
between two ligatures. The sheath of the common carotid then comes in view. 
The sheath is opened, the jugular and vagus are retracted and the carotid fol¬ 
lowed downward until the origin of the right subclavian is seen. The upper 
portion of the innominate artery is then exposed by blunt dissection and the 
right innominate vein retracted with the vagus outward and the left in¬ 
nominate pushed downward, and an aneurysm needle passed from without 
inward and the ligature tied. 

SECOND METHOD.— The upper portion of the sternum and the right 
sternoclavicular joint arc resected to gain a better exposure of the vessel. The 
incision in this case extends along the anterior border of the sternocleido¬ 
mastoid muscle from the level of the cricoid to 5 cm. (2 in.) below the superior 
edge of the sterniUn. This is joined by a transverse incision passing hori¬ 
zontally inward from the middle of the clavicle. After the sternal muscles 
are divided, the right sternoclavicular joint and about 2.5 cm. (1 in.) of the 
right upper portion of the sternum are removed by means of trephine and 
bone forceps. A flat retractor is passed beneath the bone to protect the vessels 
during this part of the operation. The rest of the dissection is carried ont 
as in the first method. 

THIRD METHOD. —The manubrium sterni is split in the middle line, then 
divided transversely just above the second rib. The two halves can he sep¬ 
arated for 5 em. (2 in.). The vessel is then exposed and ligated as above 
(Curtis, 7). 

Besults.—In 1905 Sheen (25) published a table made up of 36 re¬ 
ported cases of ligation of the innominate artery. The first of these reports 
dates hack to 1818 (Mott). The mortality based on these statistics is 78 per 
cent. Statistics based on the cases reported since 1871, that is omitting the 
cases reported before the antiseptic period, and adding the case reported by 
Burns (4), 1908, and 2 reported by the Japanese army surgeon, Saigo (22), 
show a mortality of 47 per cent., 19 cases with 9 deaths. 
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COMMON CAROTID ARTERY 

Anatomy. —The right carotid artery arises from the innominate artery, 
the left from the arch of the aorta. They pass upward in the nock to divide, 
about 1 cm. (2/5 in.) above the superior border of the thyroid cartilage, 
into the external and internal carotid. The level of the bifurcation varies, 
and from 4 cm. (l.G in.) above to 4 cm. (1.(5 in.) below the level indi¬ 
cated above as normal is said to be the extreme limit of this variation 
(Liviiii). 

Eroni their difference in origin the left carotid is necessarily longer than 
the right. A line drawn from the hollow between the angle of the jaw and 
the mastoid process to the sternoclavicular joint corresponds to the course of 
the common carotid in the neck. The relations of the right and left common 
carotid in the neck are the same. The artery lies on the prevertebral aponeu-* 
rosifl which covers the longus colli and the longus cai)itis. These muscles 
separate the vessel from the transverse j)rocesses of the cervical vertebra, a 
little mesial to their anterior tubercles. The sympathetic, nerve lies behind 
the carotids, and its superior and middle branches pass laihind the vessel before 
they enter the thorax. At the level of the anterior tubercle of the sixth cer¬ 
vical vertebra (tubercle of Ohassaignac) the inferior thyroid artery crosses' 
behind it. On its inner side are the trachea, the esophagus, and the recurrent 
nerve, and higher up the larynx and pharynx. 'I'lie eso])hagu8, owing to its 
curve to the left, lies in closer relation to the left carotid than to the right. 
On its outer side is the internal jugular vein; when the vein is distended it 
partly covers the vessel anteriorly, and as the vessels pass upward the vein 
has a tendency to lie in front of the artery, a position which it definitely 
occupies in the neighborhood of its termination. The vagus nerve usually 
lies between the vein and the artery posteriorly. The artery is covered in 
front by the skin, the platysma, and the sternocleidomastoid, with the aponeu¬ 
rosis derived from the cervical fascia. When the head is in the position which 
is usual at operation, with the face turned to one side, the vessel at the root of 
the neck lies beneath the interval between the sternal and clavicular attach¬ 
ments. In the middle of the neck the artery is covered only by the anterior 
border of the musele. Near its tennination the vessel lies a little anterior 
to the muscle, covered by the fascia, platysma and skin. The deep cervieal 
lymph glands which lie beneath the sternocleidomastoid are in relation with 
the internal jugular vein rather than with the artery (Fig. 5). The descend¬ 
ing branch of the hypoglossal passes down the surface of the vessel and the 
nerve and the loop which it forms with the cervical nerves lies on or within 
the carotid sheath. The superior and middle thyroid veins also cross the 
artery to empty into the jugular, and a small artery, the sternocleidomastoid 
branch of the occipital, crosses the upper part of the vessel. The posterior 
border of the lateral lobe of the thyroid gland also lies in front of the vessel. 
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The carotid artery and the vagus nerve • are contained in a thin-walled hut 
distinct connective tissue sheath. 

Operation. —The artery is usually ligated (1) above the omohyoid; (2) 
immediately below the omohyoid. The site of election is immediately above 
the omohyoid. 

(1) LIGATION ABOVE THE OMOHYOID. —The patient is placed in the 
dorsal position with the shoulders slightly elevated and the face turned to the 



Fio. 6 .—Th* Sternocleidomastoid Drawn Backward with the External Jugular Vein with 
Its Confluent Veins, Facial, Lingual, Pharyngeal, etc. V, v. Internal jugular; c, common 
carotid; t, thyroid; p, p, parotid; h, hyoid. (Farabeuf.)' 

opposite side. The incision is made along the anterior border of the sterno¬ 
cleidomastoid muscle. Its length should be about 8 cm. (3 1/8 in.). The 
center of the incision corresponds to the cricoid cartilage. 

The skin, superficial fascia and platysma are divided in the line of the 
incision. The anterior edge of the sternocleidomastoid is exposed, and the 
fascia enclosing the muscle divided. The muscle is retracted outward, ex¬ 
posing the middle layer of the cervical fascia, enclosing the omohyoid. The. 
fascia is divided in the direction of the fibers of the muscle, and the muscle 
is retracted downward and inward. The anterior and middle thyroid veins 
then come in view; they are divided between ligatures or retracted. The 
sheath of the vessels now appears at the bottom of the wound. A portion of 
the sheath is pinched up by forceps, making a fold transverse to the course 
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bf the vessels and incised. The opening in the sheath is made well to the 
inner side to avoid the vein. When the vein is distended it completely over¬ 
laps the artery. ■ The exact position of the artery can be determined by tlio 
pulsation of the vessel. The opening in the sheath is enlarged sufficiently to 
identify the arterial wall, and the edge of the sheath grasped by thumb forceps 
and held up while an aneurysm needle is gently inserted from without in¬ 
ward, hugging the artery as it is passed about it, so that the vein or the vagus 
nerve may not be injured. The needle is then threaded and withdrawn and 
the knot tied. 

The thyroid veins sometimes form a plexus which lies in front of the 
artery. 

(2) LIGATION BELOW TJIE OMOHYOID. —The incision is made along the 
anterior border of the sternocleidomastoid muscle from the Icv'el of the cricoid 
downward for about 8 cm. (8 1/8 in.). The skin, superficial fascia, and 
platysma are divided, and the edge of the sternocleidomastoid exposed by 
dividing the fascia; the muscle is then retracted outward. The small sterno¬ 
cleidomastoid artery usually crosses the upper part of the incision and is 
divided. The tendon of the omohyoid enclosed in the middle layer of the 
fascia of the neck, crossing the artery oblicpicly, is identified, tho fascia cov¬ 
ering it divided, and the tendon rctracited npw,ard and inward. Care is taken 
not to divide the descending branch of the hyjwglossal nerve lying in tho 
sheath. I'lie slieath is opened and the anenrysm needle passed, threaded, and 
withdrawn as in the operation described above. 

Kesults.—ITemiplegia follows in certain cases of ligature of the common 
carotid. The accident usually occurs from the end of the first to the end of 
tho third day. In tho great majority of cases it terminates fatally. It is 
said to be due to the extension of the thrombus from the site of tho ligature 
along tho .internal carotid to tho cerebral arteries; an attenuated infection 
is probably a factor in its production, insufficiemt arterial communication 
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between the cerebral arteries of the two sides is also a factor (De Fourmes- 
traux, 8). 

The mortality rate according to statistics of Siegrist (20) (1900) taken 
from 997 cases is 38 per cent. 

The table on page 407 taken from Siegi’ist is of interest. 


EXTERNAL CAROTID ARTERY 

Anatomy. —The upper portion of the line drawn from the hollow be¬ 
tween the angle of the jaw and the mastoid process to the sternoclavicular 
joint corresponds to the external carotid. The bifurcation of the common 
carotid into the internal and external carotid usually takes place a little above 
1 ho upper-border of the thyroid cartilage; it terminates by dividing into 
the superficial temporal and internal maxillary, usually about 4 cm. (1.(1 in.) 
above the angle of the mandible, that is to say a little above the middle of 
the posterior border of the ascending ramus (Livini). It is generally about 
7 cm. (2.8 in.) long, but varies, according to the position of ihe bifurcation 
and its place of origin, between 3 cm. (1 2/0 in.) and 11 cm. (4 2/.5 .in.) 
(Livini). It is smaller than the internal carotid, its diameter being about 
6 mm. (1/4 in.). At its origin it is placed a little within and anterior to the 
internal carotid. The first portion of the vessel is relatively superficial. It 
is covered by the skin, superficial fascia, and platysuia, and the sternocleido¬ 
mastoid or (in the position as.sunicd at operation with the face turned to one 
side) the cervical fascia which divides to enclose this muscle. Under this 
fascia is a layer of cellular tissue containing a varying amount of fat and a 
number of lymph glands. The hypoglossal nerve crosses the artery from 5 to 
20 mm. from its origin; and the largo vein (the common facial) formed by 
the junction of th.o facial and the anterior division of the tcmporoinaxi.lary 
passes over the vessel close to the bifurcation. This large venous trunk often 
completely covers the artery. The vessel lies in this part of the course on the 
internal carotid, which it gradually crosses obliquely. It lies at first a little 
anterior and internal to the carotid. The glossopharyngeal nerve passes be¬ 
tween the external and internal carotid, and the superior laryngeal passes to 
the inner side of the vessels. 

The external carotid then passes upward in contact with the phar¬ 
ynx, and under the posterior belly of the digastric and stylohyoid, 
and finally enters the substance of the parotid. The artery is held in 
intihiato relation with the gland by the branch which it gives off in this 
part of its course. The other structures passing through the parotid, the 
external jugular vein, the auriculotemporal nerve, the facial nerve, and 
most of the parotid lymph glands arc situated external to the artery (Finrs. 
6, 7, 8). ^ 

Operation. —The patient is placed in the dorsal position with the bead 
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slightly extended and the face turned to the opposite side. The* skin and 
superficial tissues arc divided in the line extending from the angle of the 
jaw to the cricoid cartilage; the platysma and the cervical fascia covering 
the sternocleidomastoid arc cut through, and the edge of this muscle is ex¬ 
posed and retracted. The cellular tissue aud lymph glands are pushed to one 



Fia. 6.— Liqatube of the Left External Carotid. M, AiikIc of jaw; 1, antnrior bonier of the sterno¬ 
cleidomastoid; 2, the artery with the de-seendiiiK branch of the liypoRlo.ssal; 3, hyi)oj;lo.sHal; 4, posterior 
belly of the digastric; 5, tip of greater eorima of hyoid bone; C, thyrofacial lingual trunk drawn down¬ 
ward and inward to show the place of election for ligating betwocii the origin of the superior thyroid 
and the lingual. (Farabcuf.) 


side by bhint dissection, aud the tendons of the digastric and stylohyoid mus¬ 
cles with the hypoglossal nerve identified. The artery is, at this point, often 
partly covered by the facial vein as it joins the internal jugular; but by blunt 
dissection the vein can be pushed to one side, or, if it is too much in the way, 
it may be divided between ligatures. The internal jugular is carefully re¬ 
tracted outward aud the artery cxpo.scd for a distance sufficient to see one 
or more of the branches springing from the vessel anteriorly. The aneurysm 
needle is then passed from without inward arotind the vessel, great care being 
taken that the needle be kept in contact with the arterial wall so that the 
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superior laryngeal nerve may not bo caught in the ligature. The needle is 
threaded, withdrawn, and the ligature tied. 

The internal carotid has been mistaken for the external. If the vessel 



FlO. 7.—RELATioNa OP TOE Internai. and External Carotids. (Subject in same position as at ooera- 
tion.) M, Lower border of mandible; M', anslc of mandible; H, hyoid bone; h, extremity of the greater 
hyoid ; Sh, sternohyoid ; Oh, omohyoid; th, thyrohyoid; ph', inferior constrictor of pharynx- 

of the digastrie perforation of the stylohyoid; d', pulley of 
am^ubm^illa^°«land covered with aponeurosis of sternomastoid; 

^ 1 ? jugular; Ji, internal jugular, exposed by the retraction 

^ the sternomastoid, hyp, loop of the hypoglossal; l.s., superior laryngeal nerve; Cp, common carotid- 
Cl, internal carotid; C.E., external carotid; t, superior thyroid; 1, lingual; F, facial. (Farabeuf.) 


is sufficiently exposed to show the branches, this mistake cannot occur, for 
the internal does not give off branches in the neck except very exceptionally 
a pharyngeal gr occipital branch. The anastomosis between the branches 
of the right and left external carotid is very free, so that the ligation of the 
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vessel on one side often has not a marked effect on the hemorrhage from the 
regions, supplied by these vessels. 


INTERNAL CAROTID ARTERY 

Anatomy. —The linear guide is the" same as that for the external carotid, 
that is, the upper portion of a lino drawn from the hollow hotween the jaw 
and the mastoid process and the stcrnoclavicnlav joint. The cervical portion 
of the internal carotid at its origin lies a little lateral to the external carotid, 
but as it passes upward it is directed inosially, thus passing behind the ex¬ 
ternal carotid and crossing it very ohlitpiely from •without inward. The first 
portion of the artery is covered only by the skin, superficial fascia and platysma 
and sternocleidomastoid. On its inner side is the pharynx and in front of 
the vessel is the external carotid. Posteriorly it lies on the transverse processes 
of the cervical vertehra^, covered hy the longns capitis muscles. The internal 
jugular lies in contact with its external wall. As it passes upward, it lies 
behind the posterior hcllios of the digastric and stylohyoid muscles, and is 
deeply placed behind the stylopharyngcua and the d(!op surface of the parotid 
gland. It is crossed hy the occipital and jwsterior auricular arteries. The 
vagus and the upper ganglion of the .sympatludic lie behind the artery. The 
hypoglossal crosses the vessel, and tlu! glossopharyngeal and pharyngeal 
branches of the pneumogastric pass between the external and internal carotid, 
and the superior laryngeal lies to the inner side of the vessel. The spinal ac¬ 
cessory nerve at its exit from the skull lies close to the artery, but usually passes 
backward and downward beneath the jugular vein. The internal carotid is 
slightly larger than the external—(> mm. (V^ in.) (Eigs. 7 and 8). 

Operation.—The patient is j)laced in the dorsal position with the head 
slightly elevated and the face turned a little to one side. The incision is 
made along the anterior border of the sternocleidomastoid from the angle of 
the jaw downward for about 8 cm. (:i 1/8 in.), having its middle point op¬ 
posite the hyoid bone. The skin, superficial fascia and platysma are divided, 
and the edge of the sternocleidomastoid exposed hy incision of the fascia. 
The muscle is retracted outward. I'lie cellular tissue with the lymph glands 
is divided by blunt dissection and pushed to one side. The hypoglossal nerve 
passing almost transversely across the wound is identified above, and the largo 
venous trunk (the common facial) a little lower down. This venous trunk is 
freed by blunt dissection and retracted inward. The external and internal 
carotid and the bifurcation of the common carotid are exposed and the internal 
carotid identified by the absence of branches (Figs. Y and 8). The aneurysm 
needle is passed from without inward, hugging the vessel closely. 

Results.—In a certain percentage of cases hemiplegia follows the ligation 
of this vessel as of the common carotid. In the great majority of cases this 
complication is fatal. It is due to a thrombus starting from the point of 




Fig. 8.^ Dissection of Neck, Left Side. M, Mastoid; St. cl. m., sternocleidomastoid; Sp, splenius; 
C, complexus; Dijc, digastric; Je, external jugular; Ji, internal jugular; H, hyoid; 1, superior thyroid; 
2, lingual; XII, hypoglossal; 3, facial; Gl. s. m., submaxillary gland; 4, occipital; 6, auricular 
art.; 6, internal maxillary. 
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ligation and extending to the cerebral arteries. It is said to oectir in 15 
per cent, of the cases. 

For ligation of the superior tlivroid, lingual, facial, occipital and super¬ 
ficial temporal arteries, sec special chapters in this work dealing with surgery 
of the respective regions. 


SUPRA-ORBITAL ARTERY 

Anatomy. —The vessel passes out of the orbit through the supra-orbital 
notch or foramen at the junction of the inner and middle thirds of the supra¬ 
orbital margin. The notch is usually pal])abl(!. I'lie first part of the vessel 
passes upward on the forehead in a sagittal direction. 

Operation. —The incision is made transversely along the supra-orbital mar¬ 
gin, following the line of the shaved eyebrow. The skin, cellular tissue, aud 
the orbicularis oculi muscle arc divided aud the vessel e.\poscd and ligated. 


SUBCLAVIAN ARTERY 

Anatomy. —The left subclavian arises from the arch of the aorta be¬ 
hind the origin of the left carotid. It is, therefore, very deeply placed within 
the thorax. The right subclavian arises from the innominate branch, so 
that the left subclavian is long<u- than the right, d'he artery passes over 
the apex of the lung lying in contact with the pleura, then passes behind 
the scalenus anticus muscle, and ends hciKaith the clavicle, passing on into 
the axillary artery. It is divided into three portions by the scalenus anticus 
muscle. 

The thoracic portion of the left subclavian lies behind the loft carotid on 
the vertebral column, which is hero covered by the lower portion of the longus 
colli muscle. The recurrent ncrv'c, the trachea and the esophagus lie to its 
inner side and on its outer side are the pleura and lung. The thoracic duct 
passes along its inner side and then over and behind the vessel to enter the 
junction of the internal jugular and the subclavian veins. It is crossed by 
the phrenic and branches of the sympathetic nerve. The vagus descends ver¬ 
tically in front of the thoracic portion. The cervical portion of the loft sub¬ 
clavian is crossed by the innominate vein and the sternohyoid, sternothyroid 
and sternocleidomastoid muscles. The first portion of the right subclavian 
is less deeply placed. In front of the artery arc the skin, superficial fascia, 
platysma clavicle and the lower insertions of the sternocleidomastoid, sterno¬ 
hyoid and sternothyroid, and beneath these muscles the junction of the internal 
jugular and the subclavian veins. The artery is also crossed by the vertebral 
and the anterior and external jugular veins which empty into the subclavian. 
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The phretiic, branches of the sympathetic, and the vagus pass over the vessel, 
and the recurrent nerve passes behind it. The vessel passes over the pleura, 
which separates it from the dome of the lung. It lies on the transverse process 
of the seventh cervical vertebra and is separated from it by the inferior 
ganglion of the sympathetic and the muscular slip passing from the trans¬ 
verse process to the dome of the pleura (28). The artery then passes 
between the scalenus anticus and niedius, lying in a groove on' the first rib. 



g_ Course and Relation of the Subclavian and Axillary Arteries. M, Sternocleido 

muscle't trapezius; o, Omohyoid; the retractor hxs drawn (he external jugular to one side; v, the 
subcla'Wa'n vein; d, deltoid; a, retractor pulling downward the clavicular portion of the pectoralis 
major; c, coracoid process; b, retractor pulling down the cephalic vein, making the thyrocervical 
trunk visible. (Farabeuf.) 

It is separated in this part of its course from the subclavian vein by 
the scalenus anticus muscle, and has the cords of the brachial plexus 
above it. 

The third portion of the subclavian is covered by the skin, superficial 
fascia, platvsma, descending branches of the cervical plexus, and beneath this 
by a layer of fatty tissue in which are imbedded lymph glands. The inferior 
belly of the omohyoid lies above and in front of the artery, and the external 
jugular vein, as it arches around the outer margin of the sternocleidomastoid, 
crosses over it. This portion of the artery lies on the first intercostal space. 
The subclavian vein and the suprascapular artery pass between it and the 
clffvicle, and the scalenus medius is behind it. The linear guide of the cervical 
' course of the artery is represented by a curved line from the sternoclavicular 
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joint to the mid point of the claviijle, and the convexity of the curve extends 
upward about 2.5 cm. (1 in.) above the clavicle. This is tho course of the 
vessel with tho shoulder depressed. 

The artery gives off a nuinbev of branches which usually spring close to¬ 
gether from the first part of the artery: namely tho vertebral, the thyrocervical 
trunk, tho internal mammary, and the eoatoccrvical trunk. The vertebral is the 
first branch given off. The thyrocervical trunk arises usually close to tho 
scalenus anticus (Figs. 9, 10). 

Tho vessel can be ligated mcsially to the scalenus anticus, that is in its 
first portion, cither (1) on the peripheral side of the thyrocervical trunk, or 
(2) on the cardiac side of the vcrtehral. (;l) The left subclavian may bo 
ligated close to its origin within the inediastinuin. 

Operation. —(i) ljgature of the first portion of the subceavian 

(RIGHT OB LEFT) ON THE PERIPHERAL SIDE OF THE THYROCERVICAL TRUNK. 

patient is placed in the dorsal position with the head slightly extended 
and turned to the opposite side. The incision, about 8 cm. (8% in.) long, is 
made along the lateral border of the sternocleidomastoid. This is met by an 
incision over the clavicle for about the same distance, the two incisions forming 
an acute angle. The skin, superficial fascia, platysma and clavicular attachment 
of the sternocleidomastoid are divided. The flap thus formed is retracted in¬ 
ward. The inferior belly of the omohyoid is exposed, the fascia covering it 
divided, and the muscle retracted upward or divided. The scalenus anticus 
muscle is identified, and its inner border followed downward until tho pulsation 
of the subclavian is felt. The internal jugular vein is retracted inward, and 
the subclavian vein downward. This exposes the first portion of tho sub¬ 
clavian. The phrenic and the cardiac branches of the sympathetic and tho 
vagus are identified, and an aneurysm needle passed about the vessel, threaded, 
and withdrawn, care being taken to avoid including the nerves in the ligature. 
The ligature passes between the phrenic and sympathetic. Tho vessel is then 
tied with the stay knot, tho divided muscles arc sutured, and tho wound 
closed. 

(2) LIGATURE OF THE SUBCLAVIAN ON THE CARDIAC SIDE OF THE VER¬ 
TEBRAL. —This is a much more difficult operation. The incision, about 10 
cm. (4 in.) long, is made over the clavicle. It is slightly curved, tho con¬ 
vexity of the curve being upward, and it passes oyer the sternoclavioular joint 
and extends about 1 cm. (2/5 in.) within the sternal border. The clavicular 
portion of the sternocleidomastoid is severed, and the clavicle divided about 
6 cm. (2 2/5 in.) from its sternal end, and this inner portion subperiosteally 
resected. The costoclavicular ligament is divided, and the posterior fibers 
of the sternoclavicular ligament, thus exposing the joint. Tho sternal portion 
of the resected clavicle is turned over to the inner side. An incision is then 
made in the cervical fascia at its junction with the superior border of tho 
retroclavicular periosteum, and the lower border of tho wound retracted. This 
exposes the internal jugular and the subclavian veins. The internal jugular 
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ia freed along its mesial border and retracted outward. The vagus nerve is 
identified by blunt dissection. It passes downward vertically, close to the 
mesial margin of the internal jugular vein. To the inner side of the vagu% 
nerve is the carotid artery. To its outer side and beneath it is the subclavian 
artery. The artery ia exposed and the ligature passed about it. On the right 
side the ligature passes almost in contact with the loop of the recurrent nerve. 
The clavicle is turned back and sutured. The muscles are sutured and the 
wound closed. 

(3) LIGATURE OF THE LEFT SUBCLAVIAN WITHIN THE MEDIASTINUM. 
—Position as in No. 1.—The incision, about 10 cm. (4 in.) long, is made 
over the clavicle and over the upper border of the ateriium to the mid line and 
then descends vertically to the level of the second costal cartilage. The pec- 
toralis major is dissected away from the clavicle and sternum. The inner half 
of the clavicle is resected subj)eriosteally. It is disarticulated from the sternum 
and first rib. The finger is then gently introduced behind the sternum in the 
mid line, and the dome of the pleura and the elastic mass formed by the 
summit of the lung gently pushed outward. The sternum is then divided ver¬ 
tically in the raid line and horizontally at the level of the first costal cartilage, 
its posterior surfaee is carefully freed, and the first costal cartilsige is divided 
at its junction with the rib. The left half of the manubrium and the first 
costal cartilage are then removed in one piece. The innominate vein is thus 
exposed. It occupies the entire operative field. Its direction is nearly hori¬ 
zontal. Two or three small veins enter its inferior border. They are divided 
between ligatures and the vein gently retracted upward. By blunt dissection 
in a vertical direction the vagus is exposed. It descends almost vertically 
in front of the artery crossing it with a very slight obliquity. Ihe finger 
introduced into the wound palpates the trachea. In the angle between the 
trachea and esophagus is the subclavian, very deeply placed. Below is the 
aortic arch and anteriorly is the left common carotid. The ligature is placed 
about 5 cm. (2 in.) from the aortic arch. The pectoralis is sutured to the 
sternocleidomastoid and the wound closed. 

Instead of removing the bone a temporary cleidostemocostal resection may 
be made. The sternum is divided horizontally and vertically and the clavicle 
is divided. The sternum is turned downward and outward. The flap hinges 
on the junction of the cartilage and rib (Duval, 11). 

Eesults.—Writing in 1897, B. F. Curtis (0) in reporting a case in which 
the first portion of the subclavian had been successfully tied in continuity, 
referred to the statistics of Souchon which gave 16 cases with 16 deaths. 
The results of cases since then arc very different, Saveriaud (23) in 1906, 
Monod and Van Verts (18) in 1909, and Rubritius (21) in 1911 have 
arranged tables from the cases reported since Dr. Curtis. Adding a case 
reported by Schwartz (24) in 1911, there have been 21 cases reported with 
3 deaths: that is, the mortality in the reported cases since 1897 is 14.3 per 
cent. 
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LIGATION OP THE THIRD OR SECOND PORTION OF THE SUBCLAVIAN ARTERY 

• The patient is placed in the dorsal position with tlio face turned slightly 
to the opposite side and the shoulder depressed; a narrow sand bag is placed 
under the spine, not under the shoulder. 



Operation. —The incision is made parallel to the clavicle and about 1 cm. 
(2/5 in.) above it. It should be about 8 cm. (3 1/8 in.) long, and the middle 
of the incision should be over the middle of the clavicle. The skin, super¬ 
ficial fascia, and platysma are divided and usually a few of the sensory fila¬ 
ments of the cervical plexus. 

The external jugular vein, as it passes around the lateral border of the 
sternocleidomastoid, is divided between ligatures and the sternocleidomastoid 
.retracted inward or severed close to its clavicular attachment. The cellular 
and fatty tissue are divided by blunt dissection and the inferior belly of the 
omohyoid exposed. This muscle or the fascia at its lower border is divided 
and retracted upward. The scalenus anticus muscle is identified. The sub- 
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clavian artery passes outward from beneath this muscle; the cords of the 
brachial plexus lie above and behind it. The transverse artery of the scapula 
crosses the subclavian and is divided or retracted. The subclavian vein is 
retracted downward and the ligature is passed about the artery and tied. In 
ligating the second portion the phrenic nerve is identified as it crosses the 
scalenus anticus obliquely. It is freed by blunt dissection and retracted in¬ 
ward. The scalenus anticus is then divided and the second portion of tho 
artery exposed. On the right side the costocervical trunk is usually given 
off from the back part of the vessel. If the aneurysm needle is passed gently 
and kept in contact with the arterial wall, this branch is not injured. Tho 
muscles are replaced and sutured and the skin incision closed. 

Results. —The results of the ligature of the third portion of the subclavian 
are very good. In the recent cases in which the artery was ligated for aneu¬ 
rysm Monod and Van Verts (1909) (18, 23) give 10 cases of the ligature of , 
the third portion with no deaths. These statistics arc taken from cases re¬ 
ported since 1884. I can add a personal case operated on in 1912, in which 
the third portion of tho subclavian and the common carotid were ligated 
successfully for innominate aneuiysm. 


VERTEBRAL ARTERY 

Anatomy. —The vertebral artery arises from the first part of the sub¬ 
clavian and passes upward and slightly outward to enter the foramen in the 
transverse process of the sixth cervical vertebra. 

The vessel, between its origin and its entrance into the foramen in the 
transverse process, occupies the deepest portion of the supraclavicular region. 
In front of it are the vertebral vein, passing over the vessel to enter tho sub¬ 
clavian vein, the anterior portion of the subclavian loop of the sympathetic 
nerve (ansa Vieussenii), and the inferior thyroid artery which, as it passes 
upward perpendicularly, crosses it. On the left side the thoracic duct crosses 
the subclavian below the vertebral artery. 

The vessel lies for a short distance at its origin in contact with the pleura 
covering the dome of the lung (cupulopleura) (28). On approaching the 
foramen in the transverse process of the sixth cervical vertebra, it passes 
between the longus colli and the scalenus anticus muscle. The artery passes 
upward through the foramina in the transverse processes of the sixth, fifth, 
fourth, third, and second cervical vertebrse. On reaching the axis it passes 
very obliquely upward and outward to reach the foramen in the transverse 
process of the atlas; it then passes around the groove in the lateral process 
of the atlas and perforates the posterior atlo-occipital ligament. 

The vessel is usually ligated in the portion between its origin and its 
entrance into the foramen in the transverse process of the sixth cervical 
vertebra. 
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Operation. —The patient is placed in the dorsal position with the face 
turned to the opposite side and the shoulder slightly elevated. An incision is 
made, 8 cm. (3 1/8 in.) long, parallel to the clavicle and just above it, starting 
external to the posterior border of the stornoclcidoiuastoid muscle. The skin 
and platysma are divided, and the posterior border of the sternocleidomastoid 
and the external jugular vein identified and retraeted inward. If this does 
not give enough room, the muscle is divided just above the clavicle. The 
deep cellular tissue is separated by blunt dissection, and the carotid tubercle 
and the interval between the scalenus antiens and the longus colli identified. 

In this interval the vertebral artery, usually covered by the accompanying 
vein, is exposed. After separating the vein by blunt dissection, a ligature is 
passed about the vessel. In passing the ligature care must bo taken not to 
injure the pleura. In ligating the vessel some of the filaments of the sym¬ 
pathetic arc likely to be included in the ligature; this produces contraction 
of the corresponding pupil. 

Results.—The vessel has been ligate<l a number of times by Alexander 
and Baraez for the cure of epilepsy, in many instances on both sides, without 
any untoward cerebral complications. Mikulicz (17) successfully ligated the 
vessel for aneurysm. 

For ligation of the inferior (hyrokl see page 309, Vol. 111. 


INTERNAL MAMMARY ARTERY 

Anatomy. —The internal mammary artery arises from the anterior sur¬ 
face of the subclavian about 3 to 4 mm. external to the vertebra. It passes 
downward, forward and a little inward in contact with the pleura of the 
dome of the lung and behind the subclavian vein. At this level it is crossed 
by the phrenic nerve. It then passes downward in contact with the posterior 
surface of the first costal cartilage and, becoming nearly vertical, crosses the 
posterior surfaces of the upper costal cartilages. At the level of the sixth 
interspace it divides into its terminal branches; as far as the third rib it is 
in relation posteriorly with the parietal pleura; from the third costal cartilage 
downward the transverse muscle of the thorax (triangularis sterni) intervenes 
between the pleura and the artery. It is accompanied by two veins and a 
chain of lymphatic glands. At the first interspace the artery is about 10 mm. 
(2/5 in.) from the border of the sternum; at the level of the sixth it is about 
20 mm. (4/5 in.) from this border. The interval between the artery and the 
border of the sternum gradually increases from above downward (Fig. 11). 

Operation. —The patient is placed in the dorsal position. A vertical in¬ 
cision is made over the third intercostal space extending from the third rib to 
the lower border of the fourth rib and about 10 mm. (% in.) from the mar¬ 
gin of the sternum. The skin, subcutaneous tissue and fibers of the pectoralis 
major are divided, and the intercostal space with its muscles exposed. The 
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aponeurosis of tho external intercostal muscle and finally the internal inter¬ 
costal muscle (about 5 to 8 mm. thick at this point) are divided. The artery 
with its two veins is separated by blunt dissection from the fatty and cellular 
bed in which it lies. After gently separating the veins, a ligature is passed 



Fia. 11. —Line. OF Left Pleura, Lung and Internal Mammary Artery. (Prdcis de Tenhnique 

Opdmtoirc.) 

about the artery. Great care is nece-ssary in passing the aneurysm needle to 
prevent injury of the pleura. The transverse muscle of the sternum, which 
intervenes between the pleura and the artery, is often poorly developed, or 
oven partially absent. 


AXILLARY ARTERY 

Anatomy. —Tho axillary artery extends from the outer border of the 
first rib to the lower margin of the teres major. It is divided into three por¬ 
tions by the pectoralis minor. The first portion extends from the clavicle to 
the upper border of the pectoralis minor (Fig. 12). In front of’the vessel 
arc tho skin, superficial fa.seia, pectoralis major, and beneath this muscle a 
layer of cellular tissue and fat in which pass the thoraco-acromial artery and 
vein, the nerve to the pectoralis major, the terminal part of the cephalic vein, 
the subclavian muscle and the strong fascia which extends from tho upper 
border to the pectoralis minor—the upper portion of the claviculocoraco- 
axillary aponeurosis. Tho vessel lies on the first two digitations of tho serratiis 
anterior, and behind lie the fat and cellular tissue which fill the scapiilothoracic 
junction. The second portion is covered by the pectoralis minor, and has to 
its outer side the coracoid insertion of tho coracobrachialis and biceps. Behind 
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it lies the siibscapiilar muscle, coverinj; the head of the humerus. The third 
portion of the artery is slightly overlapped by the convcobracliialis, which 
separates it from the peetoralis major. (\)vere(l by the skin and aponeurosis 
on its inner aide, it passes downward in the groove in the coraeobracliialis 
lying on the latissimns dorsi. In the first portion the vein lies to the inner 
side of the artery. When "the vein is <listonded, it overlaps the artery. 
This portion of the vessel is crossed by the (;epbalie. and acromial veins 


and by the outer one of the bra¬ 
chial veins. The terminal portions 
of the brachial plexus are placed be¬ 
hind and to the outer side. The 
nerve to the peetoralis minor passes 
behind the artery. 

In the second portion the vein is in 
leas close relation to the artery. One 
cord of the brachial plcxns lies behind 
the artery,one to itaouter side,and one 
to the inner side, intervening between 
the artery and vein. The branch<!s of 
the brachial plexus arc disposed about 
the third portion of the artery. Tho 
radial (musculospiral) and the circum¬ 
flex are behind; between the ai'tery and 
the vein is tho ulnar; on the outer side 
is the median. These relations are 


CLAVICLE 



Fin. 12.—Nkuhovascvlau Bundle in Axilla. 
(I’oiriur.) 


given with the arm in position for ligature, that is, abducted (Fig. 12). 

With the arm abducted at right angles to the body, a line drawn from 
the middle of the clavicle to the junction of the anterior and middle thirds 
of tho outer axillary wall at the outlet of the axillary space represents the 
lino of the vessel. 


Operation. —The patient is placed in the dorsal position with tho arm 
abducted at right angles to the trunk and the extended forearm midway 
between pronation and supination. The operator stands between the extended 
arm and the axilla. 


LIGATION OF THE FIRST PORTION. —An incJaion is made parallel to the 
fibers of the peetoralis major downward and outward from tho clavicle to a 
finger’s breadth below the coracoid process. Tho fibers of the peetoralis major 
are separated and retracted, or the fibers of the muscle are divided. The 
claviculocoraco-axillarv aponeurosis is exposed, and the thoraco-acromial ves¬ 
sels identified, piercing the fascia just above tho peetoralis major. The fascia 
is then divided, the artery is gently separated from the vein, and a ligature 
passed about it. The distended vein generally overlaps the artery. The 
cephalic vein and the cords of the brachial plexus must be carefully avoided. 
The vessel is deep in this situation and the ligation difficult. 
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LIGATION OF THE SECOND PORTION. —The incision is carried downward 
and outward from below the clavicle to 2^ cm. (1 in.) below th’e coracoid 
process. The fibers of the pectoralis major are divided, and the narrow por¬ 
tion of the pectoralis minor exposed, its lower border freed from its fascia and - 
the finger gently inserted beneath the muscle, and the muscle divided. The 

artery, the vein and the 
cords of the plexus are 
immediately beneath the 
muscle. The vein is gen¬ 
tly retracted downward, 
and a ligature passed 
about the artery. The 
severed pectoralis minor 
and the separated fibers of 
the pectoralis major are 
sutured, and the wound 
closed. 

LIGATION OF THE 
THIRD PORTION.— The in¬ 
cision is made over the 
inner border of the coracobrachialis, over the line of pulsation of the artery 
which can usually be easily felt. It should be about 8 to 10 cm. (3-4 in.) long. 
The center of the incision is above the anterior axillary fold. The skin and 
superficial fascia are divided and the thin fascia of the upper arm laid bare. 
The coracobrachialis is identified, the fascia carefully divided, and the lower 
margin of the woimd retracted. The median nerve now appears, imbedded in 
loose cellular tissue; it is freed and retracted upward. The artery is thus 
exposed and a ligature passed about it (Fig. 13). 

Results. —Recent reports of the results of the ligature of the axillary artery 
are favorable. According to Delbet (9) gangrene after ligature of the axillary 
is extremely rare. V. Rergmann has seen only good results after ligature for 
wounds of the artery. Koch (9) has collected 45 cases of ligature without any 
trouble with the circulation in the arm. 
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Fro. 13.— Ligation of thr Axillary Artery. The retractor 
(A) has pulled upward the coracobfachialis (1) with the mus- 
culocutaneoua nerve (1'). The director (b) elevates the ssc- 
ond landmark, the median nerve (2'). The lesser internal 
cutaneous nerve (4) has remained in place, generally not no¬ 
ticed like the other nerves and the large vein. The small 
collateral vein (5) can be seen in the depths of the wound. 


BRACHIAL ARTERY 

Anatomy. —The vessel commences at the lower margin of the teres ma¬ 
jor and, passing down the inner and interior aspect of the arm, terminates 
about 1 cm. below the bend of the elbow, whore it divides into the radial 
and ulnar arteries. At first the artery lies internal to the humerus; but as it 
passes down the arm it gradually acquires a more anterior position, and at the 
bend of the elbow it lies midway between the two epicondyles. The artery is 
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superficial throughout its entire course, being covered in front by the integu¬ 
ment^ the superficial and deep fasciai; the bicipital fascia separates it at the 
elbow from the median basilic vein; the median nerve crosses it at its middle. 
Behind, it is separated from the long head of the triceps by the radial nerve 
(musculospiral nerve) and superior profunda artery. It then lies upon the 
inner head of the triceps, next upon the insertion of the coracobrachial is, and 
lastly on the brachialis. On its outer side it is in relation with the commence¬ 
ment of the median nerve, the coracobrachial is and biceps, which overlap 
the artery to a considerable extent. On its inner side, the upper half is in 
relation with the medial cutaneous nerve of the forearm and the ulnar 
nerve. The basilic vein lies on the inner side of the artery, but is separated 
from it in the lower part of the arm by the deep /ascia. It is accompanied by 
two venae comites, which lie in close contact with the artery, being connected 
at intervals by short transverse commimicating branches. 

At. the bend of the elbow the brachial artery lies in a triangular-shaped 
space, the cubital fossa, the base of which corresponds to a lino drawn bo-, 
tween the two cpicondylos of the humerus, the sides to the inner edge of the 
brachioradialis muscle and the outer edge of the pronator tores, the floor being 
formed by the brachialis and supinator. The contents of this space are: the 
brachial artery and its two veins; the radial and ulnar arteries; the median 
and radial nerves (musculospiral nerves) ; and the tendon of the biceps. The 
brachial artery lies along the middle lino of this space and divides opposite 
the neck of the radius into the radial and ulnar arteries. The artery is cov¬ 
ered in front by skin, superficial and bicipital fascia, and is crossed by the 
median basilic vein. Behind, it lies upon the brachialis, which separates it 
from the elbow joint. The median nerve lies on the inner side of the artery, 
close to it above, but separated from it below by the slip of the pronator tores, 
which arises from the coronoid process of the ulna. I’lio tendon of the biceps 
lies to the outer side of the space, and the radial nerve (musculospiral nerve) 
still more externally, situated upon the supinator and partly concealed by the 
brachioradialis. 

Jf the thumb be pressed into the deepest part of the axilla, just behind 
the tendon of the pectoralis major, the pulsation of tho axillary artery can 
be felt. Between this point and tho middle of tho crease of the elbow a 
straight line is drawn. .This lino should correspond to tho inner border of tho 
coracobrachialis and biceps, which can always be felt and usually soon. The 
pulsations of tho brachial artery can often bo felt along this lino (Fig. 17). 

The brachial artery can be ligated at any point in its course. For con¬ 
venience of description, ligature of its upper and middle third and in the 
cubital fossa will be described. 

Operation.— UPPER third. —The patient should bo in the dorsal position, 
with the arm at a right angle to the body and the hand held by an assistant 
in a position half way between pronation and supination. An incision of 8 
cm. in length is made, beginning at the lower border of the pectoralis major 
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and along the linear guide to the vessel. This incision is carried down to the 
deep fascia, which is divided with great care to prevent possible injury to 
the internal cutaneous nerve or basilic vein, which sometimes runs on the 



Fio. 14 .—Exposuhb of the Axillary and Brachial 
Arteries. McG, Corucobruchialia mu-sclc; F, in¬ 
ner side of fascia of upper arm; M, inediuii nerve; 
Ci, medial nerve of upper arm (lesser internal 
cutaneous); Ca, medial nerve of forearm (internal 
cutaneous); Ax, axillary artery; B, biceps; F, 
fascia brachii; M, median nerve; A, brachial ar¬ 
tery; V.b, brachial vein. (Zuckerkaudl.) 

around the artery from within outward 


surface of the artery as high as 
the axilla. After division of the 
fascia, care should be taken not to 
injure the ulnar or medial cu¬ 
taneous nerve of the forearm, 
which lie to the inner side of the 
artery, or the median nerve, which 
lies usually to the outer side, or 
the venaj comites, which are on 
either side of the vessel. After the 
artery has been isolated from 
these structures, the needle should 
be passed around the artery from 
the inner to the outer side (Fig. 
14). 

MIDDLE THIRD.— An incision 
of 8 cm. in length is made opposite 
the most prominent part of the bi¬ 
ceps and along the linear guide to 
the vessel. The fascial lata is di¬ 
vided with care to prevent injury 
to the median nerve, which lies 
in front of the artery in this 
situation, as it passes from its 
outer to its inner side. After 
retraction of the nerve and iso¬ 
lation of the artery from its 
venfB comites the needle is passed 
(Fig. 14). 


IN THE CUBITAL FOSSA.—The forearm is held in a position of forced 


supination in order to define the tendon of the biceps. An incision of 8 cm. 
in length is made along the inner border of the tendon of the biceps, caro 
being taken not to divide unnecessarily the median basilic vein, which can 
be retracted. The bicipital fascia is then exposed and divided. The artery is 
seen lying between two venae comites, with the median nerve to its inner side 
and the tendon of the biceps to its outer side. After the artery has been isolated 
trom its veit.3, xhe needle should be passed from within outward (Figs. 15, 16). 
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RADIAL ARTERY 


The radial artery can be ligated at any point between its origin at the 
bifurcation of the brachial, just below the bend of the elbow, and the point 
where it passes forward between the two heads of the first dorsal interosseous 
muscle to become, by anastomosis with the deep branch of the ulnar, the deep 
volar arch. 

Anatomy.—The linear projection of the radial artery on the surface is 
represented by a line drawn midway between the apices of the bony epicondyles 



Fio. 15.— Liqaturk of the Leit Drachial at the Bend ok -ihe Elbow. 2. Extornnl lip; 3, Internal 
lip of the fascial expansion of the liicops retracted; 4, oriKin of tlic basilic vein; 5, median nerve. 
(Farabouf.) 


of the humerus and the inner aspect of the extremity of the styloid process of 
the radius (Eigs. 16 and 17). 

It extends from the bend of the elbow, where it lies opposite the neck of 
the radius, to the anterior aspect of the extremity of the styloid prowss. It 
lies to the inner side of the shaft of the bone above and in front of it below. 
It is overlapped in the upper part of its course by the fleshy part of the 
brachioradialis muscle. Throughout the rest of its course it is superficial, 
being covered only by skin and by superficial and deep fasciae. In its course 
downward it lies upon the tendon of the biceps, the supinator, the pronator 
teres, the radial origin of the flexor longus pollicis, the pronator quadratus and 
the lower extremity of the radius. In the upper third of its course it lies 
between the brachioradialis and the pronator teres. In its lower two-thirds, 
between the tendons of the brachioradialis and flexor carpi radialis. The 
radial nerve lies close to the outer side of the artery in the middle third 
of its course, and some filaments of the musculocutaneous nerve, after piercing 
the deep fascia, accompany the lower part of the artery as it winds around the 
wrist. The vessel is accompanied by vense comites throughout its whole course. 
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At the wrist, as it winds round the outer side of the carpus from the 
styloid process to the first interosseous space, it lies upon the external lateral 
ligament and then upon the scaphoid bone and trapezium, being covered by 

the extensor tendons of the thumb, subcu¬ 
taneous veins, some filaments of the radial 
nerve and the skin. It is accompanied by two 
veins and a filament of the musculocutaneous 
nerve. 

At this situation the surface outline of the 
space in which the vessel lies is a triangle, 
bounded internally by the tendon of the ex¬ 
tensor longus pollicis, externally by that of the 
extensor brevis pollicis and the base corre¬ 
sponding to the apex of the styloid process of 
the radius. If the thumb be forcibly extended, 
the outlines of the space will be well 
marked. 

In the hand it passes from the upper end 
of the first interosseous space, between the 
heads of the first dorsal interosseous muscle, 
transversely across the palm to the base of the 
metacarpal bone of the little finger, where it 
anastomoses with the communicating branch 
of the ulnar, forming the deep volar arch. It 
lies upon the carpal extremities of the meta¬ 
carpal bones and the interosseous muscles, be¬ 
ing covered by the adductor pollicis, the flexor 
tendons of the fingers, the lumbricales, op- 
ponens and flexor brevis minimi digiti. 
Alongside of it is the deep branch of the ulnar 
nerve (Fig. 18). 

Operation.— UPPER third. —With the fore¬ 
arm Bupinated, an incision 8 cm. in length is 
made along the linear g\iido to the vessel, beginning opposite the inferior angle 
of the cubital fossa. Upon division of the fascia, the brachioradialis muscle her¬ 
niates into the wound. Its internal border should be found and the muscle re¬ 
tracted laterally, exposing the artery accompanied by its two veins with the 
nerve to the radial side. The artery is then isolated and the needle passed from 
without inward. 

The vessel has been found lying over the fascia instead of beneath it. 
It has also been observed on the surface of the brachioradialis instead of 
under its inner border. 

LOWER THIRD.— The vessel is superficial, covered only by the skin and 
superficial and deep fasciae, and can be readily recognized by its pulsation. 



Fio.,16 .—Exposure of the Bkachiaij 
Artery in the Cubital Possa and 
OF the Radial and Ulnar Arter- 
ICB. L, Oblique incision of the bi¬ 
cipital fascia; A, brachial artery 
Rrith the venee comites; M, median 
nerve; V, median basilic vein; Ar, 
radial artery; An, ulnar artery; U, 
the inner edge of the flexor carpi 
ulnaria. (Zuckcrkandl.) 
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With the arm placed as in the preceding operation, an incision 6 cm. 
(2.4 in.) in length is made along the course of the vessel. Upon division of 
the skin and fascise the artery is seen, accompanied by its two veins, lying 
between the tendons of the brachioradialis (supinator loiigns) and the flexor 
carpi radialis. The artery is isolated and the needle passed from without 
inward, great care being taken not to injure the nerve which lies just to the 
outer side of the artery. 

AT THE WBTST. —An assistant should hold the hand with its ulnar border 
on the table and move the thumb so as to make the extensor 
tendons stand out and define the triangular space through 
which the vessel passes. 

An incision 3 cm. (1.18 in.) in length is made half way 
between the two extensors of the thumb and parallel with 
them, beginning at the tip of the styloid process of the radius 
and continued downward. Upon division of the skin, the 
dorsal vein of the thumb is exposed, and is either retracted or 
ligated. The deep fascia is divided in the line of the skin 
incision, keeping always between the tendons. With the 
tendons retracted, the cellular tissue IxuK'ath is held up be¬ 
tween two forceps and incised, exposing the artcu-y accom¬ 
panied by its two veins, passing through this space in a down¬ 
ward and backward direction. The vess('l is isolated and tied 
hy passing the needle in either direction. 

IN THE HAND. —The linear projection of the deep volar 
arch on the surface is a curved lino with its convexity down¬ 
ward, drawn parallel to and a finger’s breadth above the 
linear projection of the sup(!rficial volar arch, which is rep- 17.—Lines ok 
resented by a continuation across the palm of a line drawn atu«k°of Brachial 
along the palmar border of the thumb when it is held in a Artery. (Fnrabeuf.) 
position of forced extension. 

An incision .'5 cm. (2 in.) in length is made vertically downward in the 
mid line, ending just helow the lino of the superficial volar arch. Tho palmar 
aponeurosis is divided in the lino of the .skin incision and retracted with tho 
skin edges, exposing tho superficial volar arch crossing tho lower part of tho 
wound.' In the upper angle of the w'ound are soon the flexor tendons, with the 
digital branches of the median nerve between them. A division with the 
handle of tho knife is made hetwoen the tendons, great care being taken not 
to injure the branches of the median to the three innermost lumbricales, which 
are given off at about this point, lilunt retractors are introduced and tho 
division enlarged by means of them, exposing the deep volar arch accompanied 
by the deep branch of the ulnar nerve. The needle should be passed from 
below upward, particular care being taken not to injure the branches of the 
ulnar supplying the volar interossei. 
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ULNAR ARTERY 

Anatomy. —The linear projection on the surface of the lower two-thirds 
of the ulnar artery is represented by a line drawn from the apex of the median 
epicondyle of the humerus to the radial side of the pisiform hone (Fig. 17). 
To project the upper third of the artery upon the surface, the junction of the 



upper and middle thirds of this line is connected with the center of the hollow 
in front of the elbow joint. The projection of the superficial volar arch upon 
the’ surface is represented by a continuation across the palm of a lino drawn 
along the palmar border of the thumb, when it is held in a position of forced 
extension. 

The ulnar artery commences a little below the bend of the elbow, and 
crosses obliquely the inner side of the forearm to the commencement of its 
lower half; it then runs along its ulnar border to the wrist, crosses the trans¬ 
verse carpal ligament on the radial side of the pisiform bone, and immediately 
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beyond this bone divides into two branches which-enter, into the formation of 
the superficial and deep volar arches. In its upper half it is deeply seated, 
being covered by all the superficial flexor muscles, excepting the flexor carpi 
ulnaris; the median nerve is in relation with the inner side of the artery for 
about an inch and then crosses the vessel, being separated from it by the 
deep head of the pronator teres; it lies upon the brachialis and flexor pro¬ 
fundus digitorum. In the lower half of the forearm, it lies upon the flexor 
profundus, being covered by the integument and the superficial and deep 
fasciaj, and is placed between the flexor carpi ulnaris and flexor sublimis 
digitorum. It is accompanied by two veiipe comites. The ulnar nerve lies on 
its inner side for the lower two-tliirds of its course, and a small branch from 
the nerve descends on the lower part of the vessel to the palm of the hand. 

At the wrist it is covered by the skin and fascia and lies upon the transverse 
carpal ligament. On its inner side is the pisiform bone. The ulnar nerve 
lies to the inner side and somewhat behind the artery; here the nerve and 
artery are crossed by a band of fibers which extends from the pisiform bone 
to the transverse carpal ligament. 

In the hand the artery, by anastomosis with a branch from the radial 
volar artery of the index finger or the superficial volar ramus, branches of 
the radial artery, forms the superficial volar arch. 

Operation.— JUNCTURE OF UPPER AND MIDDLE THIRDS. —The forearm 
should be supinated. An incision 8 cm. (3.15 in.) in length is made alopg the 
linear guide to the vessel, beginning 8 cm. (3.15 in.) below the medial opi- 
condyle of the humerus. This incision is carried down through the deep 
fascia, which is retracted with the skin edges, exposing the superficial muscle 
layer. The line of division between the flexor carpi ulnaris and flexor sub¬ 
limis digitorum is sought for, and these muscles are separated from one 
another along this line. The artery is now seen lying upon the flexor pro¬ 
fundus digitorum, accompanied by its two veins, with the ulnar nerve to its 
inner side. The artery should be freed and the needle passed from within 
outward. 

LOWER THIRD. —The position of the patient and the forearm should be as 
in the preceding operation. The hand should be forcibly extended so as to 
make the tendon of the flexor carpi ulnaris tense. An incision 8 cm. (3.15 
in.) in length is made along the radial border of this tendon and carried 
down through the deep fascia, permitting the tendon to bo retracted in an 
inward direction. The artery is found beneath the tendon, accompanied by 
its two veins, and with the ulnar nerve lying to its inner side. The artery 
should bo freed from its veins and the needle passed from within outward. 

AT THE WRIST. —With the hand resting on its dorsal surface, a curve<| 
incision with its convexity outward, 5 cm. (2 in.) in length, is made along 
the radial side of the pisiform bone. Keeping close to the pisiform bone, this, 
incision is deepened through fascia and fatty tissue, until the vessel is reached. 
After the artery has been isolated from its two companiem veins, to avoid ivir 
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jury to the ulnar nerve, which lies close to the inner side of the artery, the 
needle should be passed from within outward (Fig. 10). 

IN THE HAND.—"llie operation for tying the superficial volar arch is the 
same as that for ligation of the deep volar arch, as the superficial arch is 
exposed in the course of this operation. 


ABDOMINAL AORTA 


Anatomy. —The abdominal aorta extends from the opening in the dia¬ 
phragm to the body of the fourth lumbar vertebra, where it divides into its 
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Fio. 19. —Abdominal Aorta and Common Iliac Arteries. 
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terminal branches. The point of bifurcation of the vessel is approximately 
indicated by the intersection of a horizontal line passinf^ through the upper 
limits of the iliac crests and tlie median line of the abdomen. It gives off 
large visceral branches to the gastro-intestinal tract, to the kidneys and to the 
genital organs. Its lowermost visceral branch is the inferior mesenteric. It 
has -usually been ligated below this branch in the last two inches of its course. 
It lies on the vertebral column, the liiinbar veins and the recepticnlum chyli; 
at its right lies the inferior vena cava. In front are the peritoneum, the sym¬ 
pathetic and the intestines (Fig. ID). 

Operation.—The j)atient is placed in the Trendelenburg position. A ver¬ 
tical incision about 10 cm. (4 in.) long is made through the abdominal wall 
just to the left of the navel, and bogiuning aboutM fingers’ breadth above it. 
The intestines are pushed upward and kept in place by abdominal pads. The 
peritoneum is divided over the ve.ssels, which can be readily seen and felt, 
and a ligature passed about it. The peritoneum and celiotomy wound are 
then sutured. 

EXTRAPERITONEAL LtGATrON.^Tlie vessel may be ligated extraperito- 
noally. The patient is placed in the dorsal position. The incision extends 
from the tenth rib downward and forward to within one inch of the anterior 
superior spine of the ilium; the abdominal wall is divided. The patient is 
then turned to one side, the peritoneum is gently separated with the fingers 
and pushed with the intestines inward. 1'hc ureter is raised with the peri¬ 
toneum; the aorta comes in view on retracting the upper margin of .the wound, 
and a ligature is passed about it. 

Results.—The abdominal aorta has been ligated 15 times; it lias been 
ligated 12 times for aneurysm and 3 times for hemorrhage. The operation 
has been done 10 times through the peritoneum and .5 times e.xtraperitoneally. 
Death has resulted in every instance, in from one hour to 48 days. In no in¬ 
stance have there been signs of gangrene of the lower extremities. The 
fatal issue has been attributed 7 times to infection; twice to hemorrhage 
due to the ligature; 4 times to hemorrhage independent of the ligatures. In 
the other cases reported the cause of death is not indicated. 

According to animal experimentation the gravity of the operation depends 
upon the site of the ligatui-e; yet in Iveen’s patient, who survived 48 days, 
the ligature applied for aneurysm was passed about the vessel just below the 
diaphragm. It has been suggested that in this instance a collateral circulation 
had already been established (Monod and Van Verts, 18). 


COMMON ILIAC ARTERY 

Anatomy. —The common iliac artery extends from the bifurcation of the 
aorta at the lower border of the fourth lumbar vertebra to the line of the 
sacro-iliac junction. It measures about 5-7 cm. (2-3 in.) in length, the right 
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being a little longer than the left. The veBsels pass downward and out¬ 
ward, diverging from one another at an angle of 65° in man and 75 in 
womam The artery lies on the lateral portion of the fifth lumbar vertebra 

and on the inner border of the psoas. u 

The relations of the veins to the arteries vary on the two sides. On ^e 
right the vein lies behind the artery and is intimately attached to it. ‘On 




FlO 20 — SCHBMB OF THE DirFBRBNT TyPBB OF REI.ATION OF THE UrETER AND IlIAC VESSELS. A, A', 
Normal type; B, B', low bifurcation of common iliac; C, C', high bifurcation. (Proust and Maurer.) 


the left the vein lies at first to the inner side of the artery and in contact 
with it, and then passes beneath the right common iliac to form the inferior 
vena cava. The lymphatic ganglia of the iliac chain are ordinarily placed on 
either side of the artery. The ureter normally crosses the left common iliac 
artery nearly perpendicularly. On the right side the ureter usually crosses 
below the bifurcation, passing over the external iliac; exceptionally the ureter 
passes over the common iliac on the right side (Fig. 20). The vessels are 
covered by peritoneum and the subperitoneal cellular tissue. 

Operation. _(i) teansperitoneal. —The patient is placed in the Tren¬ 

delenburg position. An incision about 10 cm. (4 in.) in length is made along 
the outer border of the rectus muscle, and the abdominal cavity opened. The 
intestines and omentum are pushed upward and held back by suitable gauze 
pads. The vessel is identified by touch and sight. A small opening is made 
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m the peritoneum over the artery and the aneurysm needle threaded with the 
lieahiros passed alxM.t the vessel. TI,o neodle is passed frma witl.„„t inward 
on tho right, and irom witliiii outward on tlio left. The ureter is ciiroflilly 
avoi e in ma'ing the peritoneal incision, and the ligature is passed in close 
contact with the artery to avoid injuring the veins. The needle is withdrawn 


Fio. 21.—Lioatcrb of Lepf Internal Iliac. The utcro-ovarian ve-ssels are divided. The ureter is 
seen in the upper part of the internal lip of the incision. (Proust and Maurer.) 



and the ligature tied, the peritoneum sutured, and the abdominal incision 
closed by the usual layers of sutures. 

(2) EXTRAPEEITONEAL.— The patient is placed in the Trendelenburg posi¬ 
tion. The incision begins near the apex of the cartilage of the last rib, passes 
downward and outward to a finger’s breadth above the crest of the ilium, and 
then runs parallel to the crest just below the anterior superior spine. The • 
muscles of the abdominal wall are cut through down to the peritoneum. The 

peritoneum is then gently separated by blunt' dissection from the tissues be- 
20 



434 


• LIGATIONS OF ARTERIES IN CONTINUITY 


neath until the arteries are felt. The peritoijeum and abdominal muscles 
are then retracted inward. The arteries can now he easily, seen. The ureter 
is lifted up with the peritoneum. The aneurysm needle armed with a ligature 
is passed from without iuward on the right, and from within outward on 
the left. The needle is made to hug the vessel and is passed very gently 
to avoid injuring the veins. The ligature is tied, the peritoneum allowed 
to fall back in place, the muscle sutured in layers, and the skin incision 
closed. 

Eesults.—‘The mortality, taken from the statistics of Kiimmell from the 
operations done before the antiseptic period, is high, about 75 per cent. In 
the recent figures of Dclhet (9) the proportion of deaths is 22 per cent. Gil¬ 
lette (13) gives the mortality in 21 eases done since 1880 as 47 per cent. 
Gangrene of the extremity is said to follow in 53 per cent, of the cases reported 
(Wolff, 29), blit Delbet gives its occurrence as 22 per cent., and according 
to Gillette (13) it has occurred in 33i/{j per cent, of the cases ho has tabulated. 


INTERNAL ILIAC ARTERY 

Anatomy. —The common iliac artery bifurcates at the lower border of 
the-fifth lumbar vertebra, near the sacrovcrtcbral angle at 3 to 5 cm. (1 1/10 
to 2 in.) from the middle line. The internal iliac extends from this point 
downward toward the great sacrosciatic foramen, near the upper border of 
which it divides. The commencement of the artery crosses the upper end of 
the external iliac veins, and the internal iliac veins lie behind and to its inner 
side. The artery is covered by the peritoneum. On the left side the peri¬ 
toneum covering the artery is exposed if the sigmoid is lifted upward. In the 
female the infundibulopelvic ligament containing the ovarian vessels crosses 
the artery. The ureter is adherent to the peritoneum and is lifted up with 
the .peritoneum when this is divided. On the right side the ureter usually 
passes down to the outside of the artery. Occsisionally when the bifurcation 
of the common iliac is lower, the ureter passes downward below the internal 
iliac after crossing the common iliac (Fig. 20). On the left side the ureter 
usually crosses the iliac vessels at their bifurcation; occasionally it crosses 
the common iliac internal to this point; and less commonly still, when the 
bifurcation is high, the ureter crosses the external iliac and passes downward to 
the outside of the internal iliac. 

Operation.—The patient is placed in the Trendelenburg posture. The ab¬ 
domen is opened in the middle line, beginning at the level of the navel and 
passing downward for about 10 cm. (4 in.). The intestines are pushed up¬ 
ward and held in place by suitable gauze pads. The common iliac is idonti- 
, fled rfnd followed down to its bifurcation. The ureter is easily recognized and 
the peritoneum is carefully incised, avoiding this structure. An aneurysm 
needle is gently passed about the artery at a point about 2 cm. (4/5 in.) 
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Fig. 22.—Ligature of the Right Internal Iliao. The ur<;ter with the peritoncuni retracted to one 
side, exposing the iiiternul iliac. (Proust and Maurer.) 

from its origin. The noodle is kept in olose contact with the artery, which at 
this point is intimately related to the iliac veins (Figs. 21, 22). 

Kesults. —The vessel has usually hocn ligated to control the hemorrhage 
in pelvic operations. Transpcritoncal aseptic’ligating is accompanied by a 
low mortality rate. Proust and IManrcr (20) report 8 cases with 1 death, in 
which the vessel was ligated in the course of abdominal hysterectomy for 
cancer. 

GLUTEAL ARTERY 

Anatomy.— The gluteal artery passes out of the pelvis between the pirifor¬ 
mis and the upper border of the sacrosciatic notch. It is accompanied by two 
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large veins, one lying in front, the other—^usually the larger—lying behind 
the artery. The superior gluteal nerve passes out of the pelvis with the 
artery, but in front and to the outer side of the vessel. The gluteus maximus 
covers the artery (Fig. 23). The artery lies at the junction of the upper and 



middle third of a lino drawn from the posterior superior spinous process of 
the ilium to the great trochanter with the thigh rotated inward. 

Operation.—The patient is'placed face down with the thighs extended and 
rotated in. An incision is made along the line extending from the posterior- 
superior spinous process of the ilium to the great trochanter. This incision lies 
in the direction of the fibers of the gluteus maximus. The fibers of this muscle 
are separated, and the gluteus medius covered by its fascia exposed. This fascia 
is divided and the lower margin of the gluteus medius freed by blunt dissection 
or retracted upward. The upper margin of the great sacrosciatic notch can then 
be easily felt, and between this margin and the piriformis the artery is exposed 
and ligated, the accompanying veins and nerve being carefully avoided. 
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SCIATIC ARTERY 

Anatomy. —The seiatio artery passes out of the pelvis below the piriformis 
muscle, and passes downward hetweeii the great trocliauter and the tuberosity 
of thp ischium. As it passes out of the pelvis it lies to the inner side of the 
sciatic nerves and passes over tlio internal pudic vessels and nerve (Fig. 22). 

Operation. —The patient is placed prone. An incision is made parallel to 
the line drawn from the posterior superior spinous process of the ilium to the 
great trochanter with the thigh rotated inward, and two fingers’ breadth below 
it. The fibers of the gluteus inaxinius arc separated and the lower edge of the 
piriformis exposed. The sciatic nerves arc gently retracted outward. The vein 
which lies to the outer side of the artery is i^ushed to one side and a ligature 
passed about the artery. 


INTERNAL PUDIC ARTERY 

Anatomy, —The internal pudic artery leaves the pelvis by the great sacro- • 
sciatic notch in the space between the border of the i)iriformis and the superior 
border of the lesser sacrosciatic ligament. It then passes over the ischial spine 
and through the small sacrosciatic foramen, to continue above the outer wall 
of the ischiorectal fossa, being placed about 2 cm. (I/o in.) above the lower 
margin of the tuberosity of the ischium. As it crosses the spine of the ischium,, 
the sciatic nerve is in front and to its outer side. 

The internal pudic nerve, which accompanies the artery, is behind it, pass- 
' ing over the summit of the ischial spine and over the commencement of the 
lesser sacrosciatic ligament. The vessel then runs along the outer wall of the 
ischiorectal fossa. It is covered, in this part of its course, by a layer derived 
from the obturator fascia (Fig. 23). 

Operation.—The vessel nmy be ligated (1) as it emerges from the sacro¬ 
sciatic for.amen or (2) iii the perineum. 

(1) The incision is made parallel to the line drawn from the posterior su¬ 
perior spine of the ilium to the trochanter major and two fingers’ breadth below 
it. The gluteus maxim us is separated and retractc<l, and the lower border of the 
piriformis defined. The gluteal artery is retracted upward and the pudjo 
artery, as it passes over the spine of the ischium, is exposed and ligated. 

(2) The patient is placed in the lithotomy position. A longitudinal in¬ 
cision, along the mesial border of the tuber ischii and about 10 cm. (3.94 in.) 
long, is made through the skin and the cellular tissue. Anteriorly, the trans¬ 
verse muscle of the perineum is avoided and retracted forward; posteriorly, the 
posterior border of the gluteus maximus is exposed. The fascia covering the 
internal surface of the obturator is divided, the deeply placed internal pudic 
artery and nerve exposed, and the ligature passed about the artery. 
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EXTERNAL ILIAC ARTERY 

Anatomy, —The course of the external iliac artery corresponds to the lower 
two-thirds of a line, drawn from a point 1 cm. below and to the left of the navel 
to a second point halfway hctwecn the anterior superior spine of the ilium and 
the symphysis pubis. The leng;th of the vessel varies according to the point of 
bifurcation of the common iliac, averaging 10 cm. In its course downward the 
artery rests against the inner border of the psoas. It is covered by the peri¬ 
toneum and is crossed on the right side by the lower part of the ilium and on the 
left by the sigmoid flexure. The external iliac vein lies at first behind the 
artery and a little to its inner side; but as the vessels rcaeh the inguinal region, 
they are on the same level, and the vein lies to its inner side. Near its termina¬ 
tion the artery is erossed by the circumflex iliac vein and throe or four lymph 
glands lie along its outer and inner sides. The spermatic (or ovarian vessels) 
and the genital braneh of the genitocrural intersect it near the inguinal liga¬ 
ment. On the right side the ureter usually crosses the external iliac just below 
the bifurcation, except when the latter is very low; on the left side, it generally 
crosses at the bifiircation, only intersecting the external iliac when the division 
of the common iliac into its two branches is very high (Fig. 20). 

Operation _(1) EXTRAPERITONEAL method.—T he y)atient is placed in 

the Trendelenburg posture. An incision is made parallel to and above the mid¬ 
dle third of Poupart’s ligament. The skin, superficial fascia and the aponeu¬ 
rosis of the external oblique are divided. The lower margins of the internal 
oblique and trmisversalis are separated and retracted upward, and the trans- 
versalis fascia divided by blunt dissection. The peritoneum and the subserous 
tissue are then gently displaced upward and held by retractors. This exposes 
the vessels. The sheath is opened and an aneurysm needle with the ligature 
passed from within outward. 

(2) TRAN8PERITONEAL METHOD.—The usual incision for exposing the ap¬ 
pendix is made midway between the anterior superior spine of the ilium and the 
semilunar line. The aponeurosis of the external oblique is divided, the internal 
’ oblique and the transversalis are separated, and the peritoneum opened. A 
small gauze pad is inserted into the wound, pushing the coils of intestine away 
from the peritoneum covering the external iliac artery. The wound margins are 
retracted and the peritoneum covering the vessel pinched up and divided. With 
an aneurysm needle a ligature is carried about the vessel from within outward. 

Results. —The mortality following ligature of the external iliac has been 
much reduced in recent years. Monod and Van Vert (18) collected 7 cases with 
no death. Kermission in the period from 1874 to 1883 gives a mortality of 
12.5 per cent. 

The frequency of gangrene following ligature of the external iliac has been 
variously stated. Wolff (29) gives it as occurring in 5.26 per cent, of the 
patients in which the artery was ligated for aneurysm. 
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DEEP EPIGASTRIC ARTERY 


Anatomy, Iho deep epigastric is given otf from the external iliac just aa 
that vessel passes beneath the inguinal ligament, and eoiitinues upward and iji- 
ward to a point sitnat(!d 2 cm. (.7!) in.) e.xtcrnal to the navel. At its origin it 
passes mesial to the internal abdominal ring. It lies between the fascia trans- 
versalis and the peritoneum and enters the nn^tus sheath at the semicircular 
fold of Douglas. A line drawn from tin; navel to the mid point of the inguinal 
ligament corresponds to the course of the arhn-y. 

Operation. An incision is made parallel to the_ inguinal ligament and about 
3 cm. (1.18 in.) above it. The aponeurosis of tin; (external oblicpic is divided 
and the lower fibers of the internal ohlicpic and transversalis arc separated and 
retracted upward. I he transversalis fas(;ia is then divided, exposing the vessel 
with its two accompanying veins. The ligature is passed about the artery and 
tied. The vessel may also he tied somewhat high ii]), as it passes beneath the 
margin of the rectus abdominalis. 

The incision, parallel to the inguinal ligament and about .') cm. (1.97 in.) 
above it, is made through the sheath of the rc'ctus and the aponeurosis of the 
lateral abdominal muscle just external to tin; nictus. Separation of the trans¬ 
versalis fascia exposes the artery with its veins as it 2 )asscs beneath the rectus. 


DEEP CIRCUMFLEX ILIAC ARTERY 

Anatomy. —The vessel ])aHses upward and outward from its origin, outside 
of the external iliac, behind the inguinal ligament. It lies on the iliaeus muscio 
in a fibrous compartment formed by the junction of the transversalis and iliac 
fasciae. 

Operation. —The incision is made over the outer third of Poupart’s ligament 
and just above it. The skin, subcutaneous ti.ssue and the aponeurosis of the ex¬ 
ternal oblique are divided. The internal oblique and transversalis arc sep¬ 
arated and retracted upward. Tin? fascia transversalis is opened, and the peri¬ 
toneum gently di8])hiced ufjward, thus exj)()sing the iliaeus muscle covered by its 
fascia. On opening the iliac fascia the artery is exposed and ligated. 


FEMORAL ARTERY 

Anatomy. —The course of the vessel is indicated by a lino extending from a 
point midway between the anterior superior spine of the ilium and the symphy¬ 
sis pubis, downward to the adductor tubercle of the femur; the thigh being 
flexed, everted and slightly adducted. The upper 4 cm. of this Hue corresponds 
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to the dimmon femoral j the upper two-thirds to the common and the super¬ 
ficial femoral. As it passes through Scarpa’s space, the vessel is covered by the 
skin, subcutaneous tissue, the iliac portion of the fascia lata and, in the upper 
part,- by the femoral sheath. It then enters a canal made by the fibrous mem¬ 
brane which passes over the artery from the abductor to the extensor muscles 

and is covered by the sartorius muscle. 
The femoral vein lies at first to the inner 
side of tlio artery, becomes more posterior 
at the level of the apex of Scarpa’s tri¬ 
angle, and as it passes down through 
Hunter’s canal, is situated distinctly be- 
liiiid the artery. In Hunter's canal the 
internal saphenous nerve accompanies the 
art(!ry, lying along its anterior surface, and 
the internal cutaneous crosses its upper 
part. 

Operation.— LIGATION of the com¬ 
mon FEMORAL. —The patient is placed in 
the dorsal position with the thigh ficxed 
and rotated out. An incision is made 
parallel to and just below Poupart’s liga¬ 
ment, corresponding to its middle third. 

The skin and superficial fascia are di¬ 
vided and the deep fascia exposed. This 
is then carefully incised in the line of the 
incision and retracted, bringing to view the 
artery with the vein to its inner side and 
the iliopsoas to the outer side. The sheath 
of the vessel is divided over the artery and 
an aneurysm needle passed from within 
outward, or the vessel may bo exposed 
through a vortical incision (Fig. 24). 
Eksui.ts. Ligation of the common 



Fio. 24.— Left Femoral Artery Exposed 
BY Incision of the Inteoument and 
THE CniuHiFORM Fascia. 1 , Lymph 
gland; 2, inguinal ligament; S. edges 
of the divided cribriform fascia; 4,'super¬ 
ficial circumflex artery; 5, supcrfic’ial epi¬ 
gastric, 6, external pudendal artery; A 
femoral artery; J, superficial femoral'; p’ 
deep femoral. ’ 


- , . . , ui tno common 

emoral IS said to be followed by gangrene in 25 per cent, of the cases (Wolff, 

Eut o cases are referred to by Monod and Van Vert (18), when tho 
th^Teg without any disturbanec in the nutrition of 

LIGATURE OF THE SUPERFICIAL FEMORAL AT THE APEX OF SCARPA’S 
TRIANGLE —The patient is placed in the dorsal position with the thigh flexed 
and rotated outward. An incision about 10 cm. (3.94 in.) long is made alon- 
t 0 line extending frmn the mid i,o,nt of Ponpart’s ligament to tho aihluctor 

^ T tlio junction of the upper and middle third 

ot the tJiigh. The sartorius is exposed and retracted to the outer side The 
artery can be felt beneath the fascia. The sheath of the vessel is carefully in- 
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cised and an aneurysm needle passed from within outward. The vein lies be¬ 
hind and to the inner side of the artery in this situation (Fif?. 24). 

LIGATUEE or THE SUPERFICIAL FEMORAL IN HUNTER’S CANAL. —The 
patient is placed in the dorsal position with the thi^h and leg flexed and the 
thigh rotated outward. An incision about 10 cm. (d.O t in.) long is made in tho 
line of the vessel, having its center at the junction of tho middle and lower third 
of the thigh. The lino of the 
vessel is the line drawn from 
the middle of Foupart’s liga¬ 
ment to the addmdor tnhercle 
of the femur. Tlie sartorius 
muscle is exposed and re¬ 
tracted inward. T'hc fibrous 
membrane extending over the 
artery from the tendon of the 
adductor m a g n ii s to the 
vastus interims is divided. 

This exposes the artery with 
tho long saphenous nerve 
resting on it. 'riie nerve is 
freed and lield to one side by 
a retractor, and an aneurysm 
needle is passed about the 
vessel from without inward. 

The vein lies behind the ar¬ 
tery and sometimes a little to 
its outer side (Fig. 2.^)). 

Rtcsiiuts.— According to 
the table of Wolff (29), 
there has been necrosis of 
the extremity following the ligation of tlio superficial femoral in 4.2 per cent, 
of the cases reported. 



Fio. 2.1.— Exposituk ok the Femorai, Autrky. V.i., V.'istn.s 
iiiprlifiliN; .S, s,trtoriu.s. TIk- Khouth of Hunter’s 

Ciinal is divided exposiiiK tiic feniornl urtcry and vein. 


POPLITEAL ARTERY 

Anatomy.—The lineal projection of the ijojiliteal artery is represented by 
a vertical lino which bisects the popliteal space. In the upper part of the space 
the ves.scl lies a little to the mesial side of this vertical line, beneath the lateral 
border of the semimembranosus. 

Tho femoral artery terminates at the point where tho popliteal emerges 
from the opening for the v’essols in the adductor magnus, at the upper part of 
the popliteal space, under cover of the seinimembranosns. The pojiliteal artery 
terminates at tho lower border of the popliteus, on a level with the lower part of 
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the tuberosity of the table, where it divides into the anterior and posterior tibial 
arteries. From its origin the artery descends with a slight lateral inclination 
to the interspace between the condyles of the femur, whence it continues its 
course vertically downward to its termination. 

From above downward it lies upon the popliteal surface of the femur, the 
posterior ligament and the fascia covering the popliteus. 

Superficial to the artery above is the lateral border of tbe semimembranosus. 
At about the middle of its course it is crossed in a direction downward and 
inward by tbe popliteal vein and more superficially by tbe tibial nerve (internal 

— popliteal). In tbe lowei’ part of its course 

it is overlapped by tbe adjacent borders of 
the medial and lateral beads of the gas¬ 
trocnemius and crossed by tbe plantaris 
and the nerves to the soleus popliteus and 
plantaris. 

On its mesial side from above down¬ 
ward are tbe semimembranosus, tbe mesial 
condyle of the femur, the tibial nerve, the 
femoropopliteal vein and tbe mesial head' 
of the gastrocnemius. 

On its lateral side from above down¬ 
ward arc the tibial nerve, tbe femoropop¬ 
liteal vein, the lateral condyle of tbe femur, 
tbe lateral bead of the gastrocnemius, and 
tbe plantaris. Lymphatic glands are dis¬ 
tributed about the vessel in an irregular 
way. 

Operation.—Ligature of the artery in the 
upper and lower parts of tbe popliteal space 
will be described. 

UPPER PART OP THE POPLITEAL SPACE. 
—The patient should be on his back, 
tbe knee somewhat flexed and supported 
by a sandbag, the thigh rotated out¬ 
ward. 



Fio. 20.—ExposunB of Popi.iteai, Ar¬ 
tery. S. Seniimpmbmnosus; II, bi¬ 
ceps; T, lateral and medial head of the 
gastrocnemius; A, artery; V, popliteal 
vein. 


An incision 10 cm. (3.94 in.) in length is made parallel and a little posterior 
to the adductor magnus, and carried down to tbe level of the adductor tubercle. 
The saphena magna (internal saphenous vein) is retracted inward and the fascia 
lata divided, exposing the sartorius. This is retracted inward and backward, 
and together with it the saphenous nerve. The tendon of the adductor magnus 
is now exposed, with the tendons of the hamstrings lying behind it. A division 
is made between the hamstrings and the adductor magnus, and the former re¬ 
tracted inward and tbe latter outward toward the bone. Tbe artery now com'es 
into view with the femoropopliteal vein lateral to it, and the tibial nerve (in- 
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ternal popliteal) still more lateral and not in contact. The sheath of the vessel 
is opened and the needle passed from without inward. 

LOWER PART OF POPLITEAL SPACE. —The patient should be prone. An 
incision 10 cm. (3.94 in.) in length is made alonj; the linear guide to the ves¬ 
sel, opposite the lower half of the po{)litcal space. This incision is cai'ried down 


through the tendinous iiiters(!ctioii of 
the gastrocnemius, so as to separate the 
upper parts of the two heads of the mus¬ 
cle. The tibial nerve is now exposed 
and retracted laterally. The femoro- 
poplitoal vein is next identified and re¬ 
tracted mesiall.y, exposing the artery. 
Care should he taken in passing the 
needle about the artery not to injure the 
middle, the inferior lateral or the in¬ 
ferior mesial arteries of the knee, 
given off at this level (big. 

Results. —If the collateral vessels 
are free, ligature of the popliteal is not 
followed by gangrene. 

POSTERIOR TIBIAL ARTERY 

Anatomy.—The linear projection of 
the posterior tibial artery is represented 
by a lino drawn from the center of the 
popliteal .space to a point midway be¬ 
tween the mesial malleolus and the tu¬ 
berosity of the calcancum. 

I’he posterior tibial artery com¬ 
mences at the lower border of the pop- 
liteus and terminates at a line drawn be¬ 
tween the tip of the mesial malleolus 
and the prominence of the tuberosity of 
the caleaneiim at the level of the lower 
border of the ligamentum laciniatum 
(internal annular ligament), where it 
divides into the mesial and lateral 



Fio. 27 .—The Ooiir.se and Relations of 
THE Posterior Artkrie.s of the Leo. 1, 
Bireps; 2, the tibial nerve (internal popliteal); 
a, the eut section.s of the upper portions of tho 
irastrocnemiu.s; 4, thti tibial nerve and the 
popliteal artery ju.st before they pass through 
the openinK in the solcus; 5, section of the 
soleus; 6, lonE peroneal nm.scle; 7, long flexor 
of the great toe and the peroneal artery; 8, 
short peroneal niu.sclc; 9, deep aponeurosis; 10, 
section of thes tendo Achillis; 11, long flexor 
of the toes; 12, tendon of the posterior tibial 
muscle; 13, po-sterior tibial artery; 14, tib¬ 
ial nerve; 1.5, popliteal muscle; 16, tendon 
of the sartorius semitendinosus; 17, semi¬ 
membranosus. 


plantar arteries. 

The artery pursues a downward and inward course along tho back of the 
leg, lying upon the deep layer of muscles and covered by the fascia cruris (deep 
transverse fascia) and superficial layer of muscles. 

From above downward tho artery lies upon the tibial posterior, the flexor 
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longua (ligitoniin, the posterior surface of the tibia and the ligamentnm talo- 
tibiale posterius. The artery is crossed from within outward, about d cm. (1.18 
in.) below its origin, by tlm tibial nerve. It is covered throughout its course 
by the fascia cruris. IMore superficially it is covered in the upper part of the 
leg by the gastrocnemius and the soleus, with the plantaris between them. In 
tho lower part of its course the artery is covered only by skin and fascia, except 

at its termination, where it passes beneath 
the ligamentum laciniatum (internal annular 
ligament) and the origin of the adductor 
hallucis. The artery has a vein on cither 
side. The tibial nerve (posterior tibial 
nerve) lies at first to the mesial side of the 
vessel, then crosses superficial to it, and is 
continued down on the lateral side. As the 
vessel curves forward behind the mesial 
malleohis, it lit's upon the tendons of the pos¬ 
terior tibial and flexor longus digitorum, with 
the tendon of the flexor longus hallucis be¬ 
hind and lateral to it (Fig. 27). 

Operation.—The patient should be on his 
back, with the thigh rotated externally and 
the knee fl(>xed to a right angle and supported . 
upon a sandbag. The artery can be ligated 
at any point in its course. Ligature in the middle of the leg and behind tho 
medial malleolus will be described. 



Fiq. 28. —Exposure op Posterior Tib¬ 
ial Behind the Medial Malleolus. 
The fascia is divided oxpo.^iiiK ttie 
artery with tho veins. (Zuckej-handl.) 


IN THE MIDDLE OF THE LEG. —An incision 10 cm. (3.84 in.) in length, 
beginning opposite the most prominent jiart of the calf, is made parallel to, and 
about a finger’s breadth posterior to the mesial border of the tibia. The large 
saphenous vein (internal .saphenous vein) and saphenous nerve arc identified 
and retracted. After division of tho fascia lata the mesial border of the gas¬ 
trocnemius comes into view and is retracted laterally, exposing the muscular 
fibers of the soleus which ari.se from the middle third of the mesial border of 
the tibia. These arc divided in the line of the skin incision exposing the fascia 
cruris (deep transverse fascia of the leg). This is opened in the same direc¬ 
tion and the flexor longus digitorum with the posterior tibial lying lateral to 
it is exposed. The artery lies between these muschis with the tibial nerve 
lateral to it. After the artery has been freed from its veins, the needle should 
be passed from without inward. 

BEHIND THE MEDIAL MALLEOLUS. —The position should be the same as in 
the preceding operation. 

A curved incision 8 cm. (3.15 in.) in length, with its concavity anterior, is 
made a finger’s breadth posterior to the mesial malleolus. 1 he ligamentum 
laciniatum (internal annular ligament) is divided in the same direction, expos¬ 
ing tho artery lying upon the tendons of the posterior tibial and flexor longus 
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digitorum, with the tibial nerve and tendon of the flexor longns hallneis behind 
and lateral to it. After freeing the ve.s.sel from its accompanying veins, the 
needle is passed from behind forward (Fig. 2S). 


PERONEAL ARTERY 

Anatomy. —The linear projection of the pcrom’al artery is rc^presemted by a 
line drawn from the po.sterlor border of the lu'ad of the flbnla to a ])oint midway 
between the lateral malleolus and the tendo calcaneus (Achillis). 

The peroneal artci’y eommences about cm. below the lower border of tbo 
poplitens, curves laterally across the upper })art of the posterior tibial to the 
medial crest (j)ostero-internal border) of the fibula, along which it descends 
to the lower part of tbo interosseous space, and terminates about 1 inch above 
the ankle joint by dividing into anterior and poshnn’or t(;rininal branches. 

As the artery passes laterally from its origin, it li(!s n])on the posterior tibial 
muscle and is covered by tb(‘ fascia crnralis (de(!]) transverse fascia) and by 
the soleus. As it descends along the medial crest (])ostero-internal border) of 
the fibula it lies in a tibrons canal n])on the ])osterior tibial and is covered by 
the flexor longus liallncis. It is a<x*onipanied by two vena* coniit(Ks (Eig. 27). 

Operation. —dlu? artery can be ligatcal at any point in its course. Ligature 
in the upjicr and lower third of the leg will Ite dc.scribed. 

UPPKE TITIBI). —The ])osition of the patiemt is tbo same as in the two pre¬ 
ceding opcti’atioiis. Tbo incision and .steps of the operation are the same as in 
the ligature of the posterior tibial in the middle of tbo log. After the division 
of the fascia (u-uris (doc;]) transverse fascia) tin; artery is found lying upon the 
posterior tibial and partially overlapped by tbo (lexer longus liallncis. After it 
has been separated from its wiins, the needle may bo passed in either direction. 

LOWEE TIUED. —The patient should be face down, with a sandbag under 
the ankle. An incision S cm. (d.l5 in.) in Icng-th is made along the lino of the 
vessel on the lower third of the leg. After division of the deep fascia, the soleus 
is exposed and drawn inward, bringing the flexor longus liallncis into view. 
The attachment of this mu.scle to the fibula is divided in the direction of the 
skin incision, exposing the artery lying upon the lateral border of the posterior 
tibial musido. The artery is separated from its veins and the needle passed in 
either direction. 


ANTERIOR TIBIAL ARTERY 

Anatomy. —The linear projection of the anterior tibial artery is represented 
by a lino drawn from the superior tibiofibular articulation to a point on the an¬ 
terior aspect of the ankle joint midway between the mesial and the lateral 
malleoli. 

The anterior tibial commences opposite the lower border of the popliteus and 
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terminates in front of the ankle joint, where it is continued into the dorsalis 
pedis. 

From its origin it passes forward between the two uppermost slips of the 
posterior tibial and above the upper border of the interosseous membrane upon 
which it lies for tlio upper two-thirds of its course down the leg. In the lower 
third it lies upon the shaft of tlic tibia and the anterior ligament of the ankle 
joint. In the upper third of the leg it lies between the extensor longus digi- 

toruin externally and the anterior tibial in- 
tertially; in the middle third between the 
extensor longus liallucis and the anterior 
tibial; in the lower third the extensor longus 
liallucis crosses in front of the artery to its 
inner side, and the lower part of the vessel 
lies between the tendon of the extensor 
longus liallucis and the innermost tendon of 
the extensor longus digitoruin. 

The anterior tibial nerve .lies to the 
lateral side of the artery above, in front of it 
in its middle third, and to the lateral side 
again below, where it intervenes between the 
artery and the innermost tendon of the ex¬ 
tensor longus digitoriim. 

The artery is accompanied by two vena; 
comites. 

In the greater part of its extent the artery 
is easily accessible from the surface, being 
crossed by the nerve and tendon, as already 
described, and covered by skin, fascia, and 
the ligainentiim transversiim cruris (Figs. 

29, 30 and 31). 

Operation. —The anterior tibial artery can be ligated at any point in its 
course after it has gained the anterior aspect of the leg. Ligature of the artery 
in its upper and lower thirds will be described. 

IN THE UPPER THIRD.— The patient should be on his back, with the knee 
slightly flexed, and supported by- a sandbag. 

An incision 10 cm. (3.94 in.) in length is made along the line of the artery, 
coihmencing about two fingers’ breadth below the lateral condyle (external tu¬ 
berosity) of the tibia, and deepened to expose the aponeurosis covering the 
extensor muscles of the leg. This aponeurosis is incised in the line of the skin 
incision, the anterior tibial muscle and the extensor digitorum are separated by 
blunt dissection, thus exposing the artery on the interosseous membrane. The 
artery is separated from its accompanying veins, which lie to either side of it, 
and the needle passed from without inward. The deep peroneal nerve lies to 
the lateral side and not in contact with the artery. 


Fio. 29.— Exposure of the Anterior 
Tibial op Left Leo. The faschi 
is divided and tbe anterior tiliial 
muscle (I.a.) retracted medially and 
the extensor hallucis (c.h.) laterally; 
in the interval between the muscles 
the deep peroneal nerve and under it 
the artery and veins accompanying 
it are visible. 
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THIRD.— TLo position of the patient is the same as in the 

preceding operation, 

f f”' ^ ■* lotwoen the tendons of tlio anterior 

tibml and extensor longus halincis, eaie being taken not to open tlio sheath of 





snrfaee of the tib.a, with a vein to either side and the deep peroneal nerve in 
front of It above, and lateral to it below. The needio should bo passed from 
Without inward (Fig. 28). ^ 


DORSALIS PEDIS ARTERY 


Anatomy.-Tho linear projection of the dorsalis pedis artery is represented 
oy a line drawn from a point on the anterior aspect of the ankle joint midway 
otween the two malleoli to the apex of the web between the great toe and sec- 
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ond toe. The artery is subcutaneous throughout the greater part of its course, 
and its pulsations can ordinarily be felt (Figs. 30 and 31). 

The dorsalis pedis artery, a direct continuation of the anterior tibial, ex¬ 
tends from the front of the ankle joint to the posterior extremity of the first 
interosseous space, through which ft passes to the plantar surface of the foot, 
and, by anastomosing with the lateral plantar, completes the plantar arch. 

In its course along the dorsum of the foot it lies upon the 
anterior ligament of the ankle joint, the head of the astraga¬ 
lus, the astragalonavicular ligament, the dorsum of the 
navicular hone, the dorsal naviculocuneiform ligament and 
the dorsal intcrcuneiform ligament between the internal and 
middle cuneiforms. The medial terminal branch of the deep 
peroneal nerve, the extensor brevis digitorum and the inner¬ 
most tendon of the extensor longus digitorum are placed 
laterally. The tendon of the extensor longus hallucis lies 
medially. It is covered by skin, fascia and the lower part of 
the annular ligament. It is crossed near its termination by 
the innermost tendon of the extensor brevis digitorum. 

Operation.—The patient should be on his back with the 
foot extended. 

The dorsalis pedis can be ligated at any point between its 
origin and the posterior extremity of the first interosseous 
Dorsal Artery space. Uwiug to the shortness of the vessel, ligature at any 
OF TOB a^emor ill vessel’s course can be accomplished through one 

Tibial. incision. 

An incision is made along the line of the artery, begin¬ 
ning at a point opposite the tips of the two malleoli and carried to the pos¬ 
terior extremity of the first interosseous space. After division of skin and 
fascia, the temlon of the extensor longus hallucis will be seen lying to the 
mesial side of the incision, with the innermost tendon of the extensor 
longus digitorum lateral to it. In the upper angle of the incision, these 
two tendons are bound down by the lower part of the annular ligament. In 
the lower angle of the incision the innermost tendon of the extensor brevis 
digitorum crosses from without inward. To "expose the artery in the upper 
part of the incision the lower part of the annular ligament must be divided 
in the line of the skin incision, and the tendons retracted to either side. 
The artery lies between the tendons with a vein to either side and the deep 
peroneal nerve to its lateral side. In the lower angle of the incision the 
innermost tendon of the extensor brevis digitorum must be retracted lat¬ 
erally to expose the artery. In both instances, after the artery has been 
separated from its veins, the needle should be passed from without inward. 
In closing the wound caro should be taken to repair the divided lower part of 
the annular ligament. 
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CHAPTER XII 


PLASTIC SURGERY, INCLUDING HARELIP AND CLEET 
PALATE, ALSO THE PLASTIC SURGERY OP THE LIPS, CHEEKS, EYELIDS, AND 

EARS 

Percy R. Tubnuue 


Plastic surgery is that branch of surgery which deals with the repair of 
defects or malformations, either congenital or acquired, and tho improvement 
of cosmetic conditions. 


GENERAL PRINCIPLES 

To obtain successful results in any plastic operation, two fundamenfal prin¬ 
ciples must bo observed: first, as perfect an asepsis as possible in order to 
obtain primary union; and, second, no interference with tho vitality of the 
parts. 

Complete asepsis is of the utmost importance, and the greatest care must bo 
exercised to insure it. Strong antiseptic solutions must never bo used, as they 
undoubtedly diminish tho healing ability of the tissues. Therefore, if infection 
does take place, the operation will not only fail, but the final result may be much 
Worse than the condition before operation. 

To insure the nutrition of tho transposed parts, the operation must be so 
planned that the bloo'd supply is sufficient, and that the vessels remain patent 
and are not obliterated by either twisting or tension after the parts have been 
secured in their new positions. 

Treves (24) sums up these principles in the most excellent and compre¬ 
hensive way, as follows: 

“1. The common feature which underlies plastic surgery, as the term is usually 
understood, involves the ready and secure union of refreshed or divided surfaces. 
The operations for the most part concern the skin, and are dependent upon the vascu¬ 
larity and elasticity of the skin, its mobility, the readiness with which wounds made 
in it unite, and the comparative ease with which it may be displaced and with which 
it moulds and adapts itself to a new situation. 

“2. In the actual planning of incisions and the mapping out of flaps, little can 
be done by following blindly any especial method. Each case mnat. Ka '•onsidered upon 
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its merits, and each operation arranged as the needs of the particular case suggest. 
No branch of operative surgery demands more ingenuity, more patience, more fore¬ 
thought or more attention to detail. In connection with certain operations it may 
almost be said that no two cases arc alikfe. 

“3. As sound and rapid healing is essential in these operations, it is of primary 
importance that the patient be in the best possible health and that the tissues in the 
operation area be free from disease. Sear tissue can never be relied upon, and it is 
needless to speak of the recklessness of plastie operations in the vicinity of active 
syphilitic disease, or of lupus, or in aged or broken-down subjects. In many cases the 
operation cannot.be repeated; there is little before the surgeon but success or a condi¬ 
tion more lamentable than mere failure. A plastic operation may leave the deformity 
in a worse condition than it was before the case was approached, and before the pros¬ 
pects of success are compromised the surgeon should be convinced that no possible 
element of failure has been overlooked. 

“4. In planning the flaps, it is necessary that they be derived from sound tissues, 
that they be thick and include the subcutaneous tissue, that their vascularity be as¬ 
sured and that they be so cut us to inflict the least possible damage upon the arteries, 
which supply them. The flap must be largo enough, and as a rule should be one-sixth 
larger than the space it has to fill; it must be gently handled, carefully adjusted and 
most tenderly and preeisely sutured. The pedicle of the flap must not be so twisted 
or extended as to occlude the nutrient vessel. It is of the utmost importance that 
there be no undue tension upon the parts, and that the edges of the wound be not 
merely dragged together. 

“5. The margins of any surfaces of skin which are to be brought together must be 
evenly and liberally freshened. Throughout the whole progress of the case the strictest 
antiseptic ^ precautions must be carried out, and the minutest care must be paid in 
the after-treatment.” 


METHODS USED IN PLASTIC SURGERY 

The following arc the general methods used in plastic surgery for tho re¬ 
pair of loss of tissue or malformation on the surface of the body or mucous 
membrane: 

1. Suture and Tension. —This method consists simply in the freshening of 
the edges of the skin or mucous membrane stuTounding the area to be filled in, 
and in the drawing together of tho freshly cut edges by the correct insertion of 
sutures. It is only applicable in small defects, or on parts of the body where 
the skin is loosely attached or where a considerable amoiint of siibcutaneous fat 
exists. Liberating incisions through the neighboring hoaltliy tissues are some¬ 
times useful to relievo tension and insure the vitality of tho parts (Fig. 1). 

2. Gliding Flaps. —T3y this method the parts to be replaced are filled by 
adjacent tissue. It is the one most commonly iised. In its simplest form it 
consists in undermining or undercutting the skin and subcutaucoiis tissues from 
the deejier parts to an extent which will allow them to be placed in apposition 
without tension (Fig. 2). 

If the area to be covered is so extensive that this simple method cannot he 

. ^Aseptic. 
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PECT UY SUTUIIE AND TENSION. 


used, it is then necessary to make liberating incisions, nsnally 2 in number 
■parallel to each other, thus forming a flap (Fig. 3). 

^ If the area cannot be covered by the last procnlure, either because of its 
size or the difficulty in obtaining one flap of sufficient area, 2 flaps can be made 
1 on each side, as shown in Figure 4. To oh- ’ 

tain a smooth surface in this case, it may be 
necessary to remove small triangles of skin, as 
shown at A, R, C, and D, To cover a triangu¬ 
lar defect, one of the 3 methods illustrated in 
Figures 5, 0, and 7 may be employed. 

3. The Gliding Flap with Rotation. —'I'his 
method also makes u^e of adjoining tissues to 
fill the parts to be repaired. It is much used 
and most useful, and is well illustrated in tin; 

Estlander operation for restoring the hnver lip 
(page 502) and in the Davies-Colley operation 
of uranoplasty (page 481). Always in this pro¬ 
cedure care must be taken not to interfere with 
the vitality of tlio flap by too sharply twisting 
its base or pedicle. 

A most useful modification of this method 
is described by Croft (2), which may bo calk'd 
the granulalion method. It is especially recommended for the relief 
of cicatricial tissue following burns, and Air. Croft has had remarkable suc¬ 
cess with it. The method eonsists in freeing a flap of sufficient size from its, 
deeper parts, leaving it attached at both ends. 'Pho flap must be as thick as 

possible, especially toward the center, and consists of all 
the tissues down to the deep fascia. A layer of rubber 
tissue or oil silk is placed between the raised flap and the 
deeper parts, and the w’ound allowed to granulate for 
from 2 to 3 weeks, when one of its attachments is cut and 
the flap rotated into the. position desired. By using this 
method, (h-oft claims that: “1. Tho risks of sloughing 
of any part aro greatly diminished. Instead of being 
tran.splanted when recently, drained of blood and reduced • 
in temperature, it is removed when abundantly vascular 
and full of active, living, plastic matter. 2. The trans¬ 
plantation b(ung made two or three weeks after the first 
operation, the local effects of shock are avoided or re¬ 
duced to a minimum.” In this procedure the need of perfect asepsis, not only 
for tho operation, but during the time of granulation, is obvious and cannot be 
too strongly emphasized. 

4. Pedunculated Flaps, These are flaps, lifted from their subjacent tissues 
and left attached to the deeper parts by only a small pedicle, by means of which 


- T - T T T 



Flo. 2. — Method of 
C iiOaiNO Defect dy 
Underminino the 
Skin. 







.454 


PLASTIC STTRGERY 



Fio. 3. —Method or Clobino Defbct bt Single Gliding Flap. 

the flap is nourished in its new position until healing and a new vascular supply 
take place, and which is then severed. Py the use of this type of flap it is 



Fig. 4.—Method ok Closing Defect by Double Gliding Flap. 


possible to transfer to the part to be repaired a flap which has been derived 
from a distant part of the body. A typical example of this method can bo seen 



in the operation of rhinoplasty as done 
after the Indian technic, where a flap 
from the surface of the arm is trans¬ 
ferred to the face. 

The reverse of the above is the so- 
called pocket method, in which the de¬ 
fect to be closed is brought to the flap. 
For example, when it is desired to re¬ 
store the tissues on the back of the 
hand, a bridge of skin and subcutaneous 
tissue of sufficient size is raised from 


Fio. 6.—Method of Closing Triangular 
Defect by Gliding Flap. 


the abdomen or chest and the hand in¬ 
serted and fixed until union between the 


raw surfaces has taken place, when the attachments of the skin to the.abdomen 
are cut (Fig. 8). 

6. Transplantation of Free Grafts. —These grafts may consist of skin, or 
skin and subcutaneous tissue, or bone or cartilage, and can be taken from the 
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surface of the abdomen or thigh. This method is especially useful in the clos- 
ihg of fresh defects caus(!d by operation wounds, and a great advantage of it is 
'that the scar resulting from the removal of the flap is out of sight. 

6. Skin Grafting. —Eor skin grafting, see page .'519. 

Cause of Failure.— The causes of failure are either infection or gangrene, 
or both. 

1. If infection shows itself along the suture line or in the deeper parts, 
the wound must receive the regular treatment for such a condition. The su¬ 
tures must be removed, drainage established, and wet dressings applied. 

2. If, after ,3 or 4 days, gangrene has developed, its character must be 
determined as soon as possible, because if it is gangrene of the moist type, it is 
due to infection, and the gangrenous area must be removed immediately. On 
the other hand, if it is gangreiKi of the dry type, it is due to interference with 
the blood supply of tin; flap, in which case it is best to allow the area to remain 
until the lino of demarcation is distinctly formed, when the gangrenous area 
loosens by itself from the underlying tissues and may then be easily lifted off. 


HARELIP AND CLEFT PALATE 

Congenital Assures or clefts of the lips, the nostrils, the alveolar arch, the 
hard palate, and the palatine velum are closely related, from the operative as 
well as the embryological point of view. These malformations arc frequently 
associated, and their treatment consists in a sequence of restorative procedures 
upon a very limited area. 

Harelip is a fissure or cleft in the lip occurring as a congenital deformity 
in children. It usually occurs in the iipper lip and is very apt to be complicated 
by an alveolar or volopalatine fissure. 

Cleft palate is a congenital deficiency of the palate, in which there is a 
fissure running in an anteroposterior direction, often involving the uvula, the 
soft palate, or the hard palate, separately or together. Unless the condition is 
congenital, it cannot properly be spoken of as a cleft palate. 

Until the end of the second or the beginning of the third month of fetal life, 
cleft palate is physiological. It has been shown by ITis that up to this time the 
tongue lies above the free palatine margins, which later ascend and unite above 
the tongue. Occasionally the same patient will have a harelip with a divided 
velum or posterior portion of the hard palate and with the intermediate segment 
of the palate intact. Malformations consisting of a labial and a velopalatine 
fissure are not necessarily continuous, but are generally found to be so in cases 
of double harelip associated with a deep double alveolar fissure. The solution 
of continuity in these cases extends in the direction of the hard palate and the 
velum, reaching from the upper lip to tho posterior margin of the roof of the 
jpalate. 

Ldbiojissure or harelip has a predilection for the left side. Statistics indi- 
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cate that more male than female children are born with harelip. The relative 
frequency of the deformity is illustrated by the occurrence of 1 case among 
2,400 infants in the St. Petersburg Asyluiii (Freobclius). f’he proportion of' 
the different varieties of deformities is well brought out in Hang’s statistics of 
555 cases: 

Simple unilateral harelips.130 

Simple bilateral harelips. 18 

Unilateral labioniaxlllary clefts. 21 

Double labial clefts with one or two chifts of the alve¬ 
olar margin . G 

Unilateral labiopalatine clefts. 27 

Bilateral labiopalatine clefts. 12 

Unilateral labiomaxillarv palatine clefts.220 

Double harelip with unilateral labiomaxillarv pala¬ 
tine cleft . 32 

Bilateral labiomaxillary palatine clefts. 83 

Total . 555 


Summary of relative proportion of the cases: 


Simple unilateral harelips.1.30 (2.3 per cent.) 

Simple bilateral hareli 2 )s. 18 ( 3 j^er cent.) 

Complicated unilateral harelips.274 ( tO per cent.) 

Complicated bilateral harelips.133 (23 per cent.) 


The simple cases accordingly amount to 28 per cent., and the more or less 
complicated cases amount to 72 per cent, or nearly y|, of the total number. 

According to the statistics of these large compilations, about Yi of the hare¬ 
lip cases are bilateral. With special reference to the unilateral cases, %: 
these eoncenied the left side and only Yi the right. This remarhable pre¬ 
dominance in the left side has never been satisfactorily explained. 


VABIETIES or HABELIP AND CLEFT PALATE 

Median Harelip.-—This deformity (Fig. 9) is rare, and may vary in eic- 
tent from a slight notch in the vermilion border of the lip to a complete cleft 
extending upward into the nasal septum. In the latter case the frenum is also 
split. In a form described by Witzel, the cleft in the nasal septum extends to 
the vomer. 

An apparent median cleft may in reality be a bilateral cleft, with the median 
portions of the lip and maxilla entirely lacking. 

Simple Unilateral Harelip.—The division in this malformation varies in¬ 
creasingly toward the nostril from the mildest cases, where it is merely a notch 
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Fio. 9 .—Median Harelip. 


in the outline of the mucosa (Fig. 10), to where, in the severest cases, it sepa¬ 
rates the nostril into 2 halves (Fig. 11), The mucosa is usually more or less 

everted on the cutaneous aspect of the lip. The 
more extensive forms of harelip are characterized 
by atrophy of the external border of the cleft, an 
extensive opening and a flattening of the nostril, 
combined with lowering of the nasal ala. 

ITnilateral Harelip with Fissure of the Bony 
Parts.—This presents, in addition to the above de¬ 
scribed deformities of the soft parts, a more or loss 
marked cleft of the alveolar arch with or without 
irregularities of the teeth. In the severer cases 
the division involves the full height of the alveolar 
margin as well as the most anterior portion of the palatine roof. The cleft is 
directed obliquely backward and inward toward the anterior palatine foramen, 
where it either stops or is combined with, and pro¬ 
longed into, a complete velopalatine fissure. In 
other cases of labiopalatine fissure there is no con¬ 
tinuity of the superficial with the deep malforma¬ 
tion. Simple as well as complicated labiofissure 
may be associated with a divided velum and an in¬ 
tact palate. In simple or double harelip cases com¬ 
plicated by bony fissure, the soft parts are some¬ 
times partially absent, the portions of the lip which 
should furnish the flaps for a restorative operation 
being irregular, retracted, and atrophic. The inter¬ 
maxillary bone leans obliquely toward the nonnal 
side, which is due to the more advanced growth of 
the vomer; the latter, having lost its lateral support 
and its growth being impeded, pushes the intermaxillary bone forward into 
an oblique position, which interrupts the alveolar arch. 

Simple Bilateral Harelip (Fig. 12).—In 
these cases the features of simple unilateral 
harelip are present on both sides, although 
the malformation is not necessarily sym¬ 
metrical or of the same degree. On one side 
the fissure may be incomplete, while on the 
other it may involve the lower border of the 
nostril. Bilateral harelip without any bony 
malformation is rare (18 among 555 cases, 
according to Hang). 

Complicated Bilateral Harelip (Fig. 13). 
—In exceptional cases, simple alveolar fissure, on one side may be associated 
with a complete cleft on the other side. As a rule, the deformities are more or 



Fio. 10. —Simple Unilateral 
Harelip. 



Fio. 11. —Simple Unilateral Hareuf 
wiTB Deformity of Nostril. 
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less symmetrical, the bony complications assuming one of the following types: 
a purely alveolar fissure of both sides, with slight protuberance of the maxillary 
bone; a deep fissure, which extends between the margins of the bony gaps with’ 
preservation of the nasal and buccal 
mucosa; or a complete fissure involv¬ 
ing the mucous membranes as well as 
the bone substance and terminating 
at the anterior palatine foramen by 
two lines converging in an internal 
posterior direction; and with the pal¬ 
atine roof practically always divided. 

The forward protuberance of the in¬ 
termaxillary bone increases in pro¬ 
portion with the depth of the fissures, 
while the middle labial lobe propor¬ 
tionately diminishes in size. 

Pissure of the Bony Palate (Pal- 
ato-fissiire).—Cleft palate may occur independently or in combination with .cleft 
lip (harelip). Congenital clefts of the bon.y palate are always associated, with 
a divided velum. 

Palatofissure Not Complicated by Lahiofissure.—In the mildest cases the mal¬ 
formation consists merely of an anomaly of the uvula, but as a rule the velum 
is split more or less extensively. The hard palate is also apt to be defective, 

having usuall,y a triaugnlar deft near the posterior por¬ 
tion of the bony roof; or it may bo split longitudinally 
or altogether absent. 

Palatofissure Combined with Bony Lahiofissure.—The 

prolongation of the palatine cleft beyond the anterior 
palatine foramen gives rise to common bony fissures. 
The mild cases present a large palatine gap, bifurcated 
anteriorly, with a middle flap consisting of bone, mu¬ 
cous membrane, and skin. Sometimes, when the arrest 
of development is very marked, the upper lip is repre¬ 
sented only by a small mass of soft parts attached to 
the nasal septum. 

Displacement of the Premaxillary Bones.—Although 
Fio 13 — Complicated displacement of the premaxillary bones is always more 
Bilateral Harelip. or Icss associated with clefts of the palate, the pre- 
, ■ maxilla may occupy its normal position in any form of 

harelip. Protuberance and deflection of tho premaxilla are more or less marked 
in cases of unilateral harelip with complete cleft palate. When the protuber¬ 
ance and deflection are very slight, the bone may resume its normal position 
spontaneously after the surgical repair of the harelip. The premaxillary 
process is chiefly responsible for the deformity seen in cases of complete double 




Fio. 12.—Simple Bilateral Harelip. 
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harelip with complete cleft palate. Tt is attached by a pedicle of variable width 
and strength to the lower anterior end of the nasal septiun and projects in front 
of the lips, resulting in a most distressing deformity. 


TREATMENT OF HABELIP 

Age at Which to Operate.—The best results can undoubtedly be obtained by . 
operating between the ages of 4 and 6 months. This is especially the case if the 
labial cleft be extensive or double or complicated. At this age the tissues are 
firm and of a moderate size and the stitches hold well. If the deformity of the 
ala of the nose be present, the correction of it is much more easily accomplished 
at this time than in the first few weeks of life. Jacobson gives the following 
reasons for not preferring an operation before the second month: 

1. Hewborn children do not stand operations well. 

2. Children born with this deformity are apt to be weak, and many die in 
early infancy from causes not related in any way to the deformity. Oper^ 
tions, if performed on these children, arc usually ascribed as the cause of death. 

3. The difficulty of feeding a child with harelip, even if complicated by 
cleft palate, has been exaggerated. The feeding can practically always be ac¬ 
complished, with care and attention; and if the nursing bottle has a nipple of 
the proper shape with an opening of good size in the under side, the child will 
usually have little difficulty in obtaining sufficient nourishment. The position 
of the child while nursing has also much to do with the ease with which it can 
be fed. 

On the other hand, some surgeons, especially the advocates of the early cleft 
palate operation, maintain that the cleft in the lip should be repaired as soon as 
possible, for these reasons: 

1. The child’s nutrition is improved. 2. The operation is very easy— 
with less hemorrhage. 3. If a cleft of the palate be present, the repair of 
which is delayed, the early closure of the lip has a marked tendency to diminish 
the width of the cleft of the palate. 

In any case, the lip should be operated upon before the end of the sixth 
month, that is to say, before dentition occurs. If a cleft palate be present, upon 
which it has been decided to operate later, there can be no harm, as Jacobson 
has pointed out, in closing the lip; for when the time comes to do the urano¬ 
plasty, and the smallness of the mouth interferes with the clear operative field 
in spite of the use of suitable mouth gags, the lip can be split and re-sutured 
when the cleft palate operation is completed. 


Operations: Ciieieorriiapiiy or Ciieieopeasty 

numberless procedures have been devised, recommended, and abandoned 
for the correction of the facial deformity. A method which involves the cutting 
of 1 or 2 flaps is alone worthy of consideration. Simple cheilorrhaphy, or labial 
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suture after simple freshening without preliminary cutting of flaps, is not to be 
recommended. When the inferior margin of the nostril is intact, the entire 
operation consists in the cutting of 1 or more flaps, with the necessary freshen¬ 
ing and suturing. In complete harelip with division of the nostril, the libera¬ 
tion of the nasal ala is of great importance. 

The important steps of all operations on cither harelip or cleft palate con¬ 
sist in: First, trimming the edges of the deformity and sowing together the 
raw surfaces in perfect apposition; second, the abolition of absolutely all ten¬ 
sion on the suture line. If this he not done, the chances of success are very 
slight. In many cases it is necessary to frc'c the cheek from the superior max¬ 
illa in order to overcome the tension. ]\Lich dililculty is usually encountered in 






Fia. 14. —Method op Pakino and Sutuuino pob Simi-db Unilatbkai. Habblip. 


preventing an unsightly notch in the lip or in the skin margin, ami several 
incisions have been devi-sed for the correction of this defect. An uninter¬ 
rupted line should result from the union of the two linos of mucocutaneous 
junction if the trimmed edges have been properly shaped and fitted 
together. 

Position.—Dorsal, with head slightly flexed on a firm pillow. 

• Anesthetic.—For very young children, chloroform by the open method is 
preferred. For children over .5 years, other by the open method. 

Instruments.—No special imstruments arc reipiircd for this operation, but 
all those used must be fine, light, and well made. A fine, thin, and sharp 
scalpel is necessary. The needles should be well curved and small, and the 
needle-holder one that really holds the needles firmly. 

Operation for Simple Unilateral Harelip.—It must bo realized that every 
patient requiring a plastic operation presents problems which have to be worked 
out for the individual case, and there is no one operation which is applicable to 
all. The following is, in my experience, by far the most satisfactory operation, 
and the same principles may also be applied to the repair of a complete uni¬ 
lateral cleft, as will be shown later: 

Apply Murphy’s intestinal forceps (Fig. 51) on the upper lip, as near the 
angle of the mouth as possible. By using these, much of the troublesome hemor- 



^62 


PLASTIC STIRGEKY 


Thage which always occurs at the beginning of the operation may bg easily con¬ 
trolled. Make sufficient traction with an ordinary anatomical forceps on one 
ai^gl^ of the split lip to hold the edge of the cleft tense, and with a very sharp- 
pointed scalpel, transfix the lip at point A (Fig. 14), and cut to point B. It 
is essential to insert the scalpel in a direction at right angles to the skin, and 
at a point just internal to the junction of the skin and the mucous membrane, 
thus insuring the cutting of a solid, thick flap, which must consist of all the 
layers of the lip. A similar incision is then made from point C to B, and short 
almost horizontal incisions from points C to D and from A to E. Thus the 
pared edges are removed. If the coronary arteries at this stage show a tendency 
to bleed, they may be ligated, using the finest mosquito clamps and the very 
finest catgut possible. Any other oozing may be disregarded. The flaps formed 
by these incisions arc now drawn gently down (Fig. 14, B) and a fine silkworm-*^ 
gut suture inserted so as to proximate points A and C. The suture should he 
placed about G mm. from the cut edge and passed into the tissues at right angles 
down to but not through the mucous membrane. The stitch is now drawn taut, 
and if no tension he present, it is loosened and the remaining sutures inserted, 
hut not tied. These may he of very fine silkworm-gut, Pagenstecher thread, 
or horsehair, and usually 4 will bo sufficient. If, however, on tightening the 
first stitch, tension is seen to he present, it will then be necessary, in order to 
obtain a good result, to incise the mucous membrane on the'alveolar border as 
high as possible; and, by inserting a sharp-edged periosteal elevator, to lift the 
cheek and soft parts away from the superior maxilla. By keeping the instru¬ 
ment pressed firmly against the hone, the amount of hemorrhage from this pro¬ 
cedure will be small and no damage will bo done to the soft parts. The extent 
to which this lifting must go can only be determined by the amount required 
to absolutely abolish all tension on the pared edges, when the stitches are tied. 
It is far better to lift too much of the cheek than too little. The sutures now 
inserted can be tied, great care being taken to get a perfect approximation of 
the skin edges, to avoid tying the sutures too tight and to see that the points 
where the mucous membrane of the lips and the skin meet are on exactly the 
same line. The projecting tabs of the vermilion border can now be sutured. 
It is well to have a slight downward projection of the lip at the suture line, so 
that if the labial scar contracts, the formation of a notch will be prevented. 
Eine silk and fine curved needles are best used here, and 2 or 3 sutures, should 
be inserted on the inner side of the lip in the vermilion border. The cut mu¬ 
cous membrane heals well without sutures, and there seems to be less infection 
when they are not used (Fig. 14, C). 

Sterile vaselin is now applied on the external and internal wounds and fre¬ 
quently no dressing at all need be used. If the cheek has been raised and some 
hemorrhage still persists from the resulting wound, or if, in spite of all cftre, 
the stitches appear to. have some strain upon them, a strip of sterile adhesive 
plaster may be cut into a butterfly shape and applied to each cheek, thus reliev¬ 
ing the tension in the wound. A few layers of gauze may. be placed over the 
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wound. Caft must be taken that the child does not get Its hands free and tear 
the wound apart. 

Operation.for Single Complete Harelip (Fig. 1.5).—The same, procedure can 
be used m most cases of single complete harelip. The incisions are prac- 



Fio. 16 .—Method op Paring and Sdtdrino for Single Complete Harelip. 


tically the same, but of course extending upward into the cleft nostril. The 
^ elevation and liberation of the cheek from the superior maxilla is again the all- 
important 3 tcp, and is absolutely essential in order to obtain a good cosmetic re¬ 
sult and reestablish the proper shape to the nostril. In an upward direction, 
this freeing of the cheek may have to extend even as high as the inferior orbital 



Fio. 10 .—Method op Paring and Suturing fob Double Harelip. 


foramen. If the nostril is much distorted, the ala must be completely loosened. 
The first stitch should be placed within the nostril as high as possible, using a 
fine sharply curved needle and fine chromic gut, and the suture should be tied 
tight enough to just over-correct the deformity. If the parts do not stay in 
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apposition without tension, the cheek will have to be still further freed. The 
remaining sutures are placed as in the single incomplete harelip operation. 

Operation for Double Harelip (big. 16).—Transfix the lip at point A, cut 
to B as near the vermilion border as possible, and follow its outline even if 
irregular; for in this operation all the tissue must be saved that is possible to 
save. Less blood will bo lost if this incision be made first. Next transfix the 
lip at C and cut to A; then make incision D almost at right angles to and 
through the vermilion border; then cut from E to B and make incision F in a 
similar way. The lifting of the check, as described above, will frequently bo 
required in this operation. The guide stitch can now be inserted to proximate 
the points D and F and drawn tight, but not tied. If the tension is correct, 
the remaining sutures are inserted as shown in Figure 16. 

Operation for Complicated Harelip with Projecting Premaxillary Process. 
—The premaxillary bone may be replaced by either a simple fracture or by the 
excision of an area of the nasal septum. 

1. SIMPLE FEACTURE.^—When the premaxillary stem is slight and the 
child is very young, provided, however, that the distance between the external 
alveolar ridges is sufficient to admit the introduction of the premaxillary bones 
between them, it is often possible, by direct pressure of the operator’s thumb 
on the projecting premaxillary process, to produce a fracture of its attachment. ^ 
If this is done, the fracture must be complete and must allow free motion of the 
bones and their easy replacement in their new and proper positions. The use 
of this method is advised when possible, because there is little shock, practically 
no hemorrhage and very little chance of infection. 

2. EXCISION OF A WEDGE OR QUADRILATERAL AREA FROM THE NASAL 
SEPTUM.—Before making any resection of the septum, Berry and Legg recom¬ 
mend incising the lower free edge of the septum just behind the premaxillary 
bone, and with a periosteal elevator removing the soft parts and periosteum 
from the septum. The usual operation is then to resect a wedge with a strong 
pair of scissors. The great objection to a wedge-shaped incision is the new 
and backward position assumed by the alveolar border, causing the incisor teeth 
to project in a posterior direction. To avoid this, a quadrilateral section may 
be removed, which will allow the teeth to assume a normal position (Fig. 17).« 

The following figures of classic operations for the repair of harelip are re¬ 
produced not only for their historical interest, but also for the suggestions they 
may offer to operators who have to treat atypical or complicated cases. As 
they readily explain themselves, no description is given (Figs. 18, 19, 20, 21, 
22 ). 

After-treatment and Complications.—If the wound heals without infection, 
firm union takes place early; and as a general rule, the sooner the stitches are 
removed, the less scar will remain and the less chance exists of a late infection 
occurring. It is often possible to remove every alternate superficial stitch as 
early as the second or third day. The deeper or retention sutures should re-» 
main 6 days. It is important to properly restrain the child, not only in regard 
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to the hands and arms, but also to prevent its turning on its face and rubbing 
the lip on the pillow. 

^ It IS best to make no change in the diet, and as a rule, the child can be 
given some liquid nourishment within .3 or 4 hours of tho operation. 

Complications and poor results arc almost always due to cither a weak con¬ 
dition of the child at the time of the operation, or to sepsis. Death, if it does 



Fio. 17.—Showing Advantage of REaEcriNo Quaddilatehal Akea in Septum. 1 and 2, resec¬ 
tion of wedge, showing incisor teeth projecting in a posterior direction. (Doyen.) 

occur, is almost always due to the low vitality of the child, for it is well known 
that children having congenital defects arc, as a class, of low vitality. 

Sepsis is the most frequent cause of failure or non-union, but it is rarely 
severe enough to endanger the child’s life, unless an infection of the bone oc¬ 
curs—fortunately a very rare condition. If the wound has become infected 
and the operation on the fourth or fifth day has the appearance of a total fail¬ 
ure, the parts if properly drained—that is to say the sutures removed and a wet 
dressing applied—will in many cases heal by granulation and the result be sur¬ 
prisingly good. 

In all operations involving tho air passages, a not infrequent complication 
is pneumonia or bronchitis. The possibility of either of these complications is 
much diminished by taking care during the operation to prevent the entrance 
of blood and mucus in the trachea. 

81 




Fig. 22. —Modification of HAOEDoaN's Method of Paring and Sdtdbb. 
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An unusual and serious complication is described by Jacobson, where death 
is caused by asphyxia. ‘‘Ihus, where the cloft lias been a large one and the 
upper lip when restored is tiglit, when it overhangs the lower, if the nostrils 
are flattened and partially closed by the operation, owing to the tension of the 
parts, so little breathing space may be left that temporary iiiterfercneo with 
respiration may occur, with grave and even fatal results, before the breathing 
can be accommodated to the altered circumstances and before the parts dilate 
and stretch.” 

Rose suggests, to obviate this possibility, that the nurse depri'ss the tongue 
of the child from time to time; or jiaint a striji of collodion from lip to chin to 
hold the lip open. In ca.se the aperture is known to the operator to be danger¬ 
ously small, an intranasal tube, such as a good-si;^('d catheter, may be inserted. 
This allows the child to breathe automatically and may be withdrawn after 
twenty-four hours. 

Results.-—As a general rule, the results of tlusse operations are good, al¬ 
though frc(jiiently not as pc'rfect as tlu^ opeu-ator and tlie parents desire. So 
many factors enter into the composition of the end result that it is wise to give 
a fairly guarded prognosis, and before operating to explain to the family the 
possibility that the necessity may occur for a second operation. However, if a 
second operation proves to be necessary, it is usually of a very slight and simple 
character, and ought always to be done after a ia])se of sc'veral years. 


TREATMENT OF CLEFT PALATE 

Age at Which to Operate.—'J'lu! indications for surgical intervention in 
cases of harelip and cleft palate are incontestable and obvious; but opinions 
differ as to the most favorable ])criod for the performance of the operation. 
From the point of view of the operative risks, .statistics show conclusively that 
operations on children less than 2 years of age are more dangerous than opera¬ 
tions after that age,in spite of the brilliant results of certain operators. 

I strongly endorse the view held by Jacobson and Berry, and consider that 
the best results can be obtained by operating not earlier than the second or the 
beginning of the third year instead of in early infancy, for the following rea¬ 
sons: 

1. The parts arc larger, more easily manipulated and tear much less. 

2. Hemorrhage is more easily controlled and better stood by the patient. 

3. Children congenitally deformed are apt to be weak and do not stand 
operations well. 

4. The after-care of the patient is easier and more satisfactory. 

5. The liability to such postoperative complications as pulmonary infec¬ 
tion, convulsions, and diarrhea is minimized. 

C. It is possible to elect a time when the patient is properly prepared and 
in good physical condition. 

As opposed to these advantages, J. E. Roberts (22) writes as follows: • 
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“The view that operations upon fissures of the palate should be delayed until the 
child has become two, three or four years old is erroneous. It is better to operate when 
the infant is only a few days old, unless there be some grave physical disability. In 
that event, the operation may be delayed a few weeks, but such delay is a misfortune. 
The time thus oeeupied in building ujk the infant’s health may be profitably employed 
in digital eompression applied daily to the two halves of the upper jaw. Squeezing the 
separated segments of the hard palate together a few dozen times every morning and 
evening will tend to lessen the breadth of the cleft and give the surgeon a better oppor¬ 
tunity of obtaining a bony roof to the mouth by operation.” 

Lane and Rropliy advocate early operation on cleft palate, that is to say 
from the first day after birtli np to three weeks, and maintain that: 

1. The surgical shock is less than when the child is older and there is no 
mental apprehension. 

2. The anesthetic is well borne. * 

3. The newborn child is usually healthy. 

4. The tissues heal very readily. 

5. The digestion is good. 

6. There is slight, if any, postoperative pain, and the child takes food at 
once. 

7. The loss of blood is necessarily slight, due to the small size of the blood 
vessels. 

8. A well vascularized flap is very easily obtained. 

9. The muscles of the palate arc at once brought into use, and do not 
atrophy. 

10. The passage of air through the nares in the proper channel has a 
marked effect on the growth and shape of the bones of the nose and face at a 
period when their greatest development takes place. 

11. No faulty habits of speech result. 

12. If the Rrophy operation is performed, the bones may be bent and 
moulded without fracture. 


Operations 

Position of the Patient. —The so-called Rose position (Fig. 23) is in many 
ways the most satisfactory. The child should be on its back on a hard mattress, 
wrapped snugly in the sheet to prevent the movement of the hands and arms, 
and? a firm pillow placed underneath the shoulders. The head must bo toward 
the light, projecting a few inches beyond the head of the table and allowed to 
assume a position of marked extension. 

The advantages of this position are: 1. A clear field and direct illumina¬ 
tion; 2. The blood has no tendency to flow into the trachea, the time taken in 
sponging and preventing it from so doing is saved, and the chances of post¬ 
operative complications are thus reduced; 3. The low position of the head 
tends to overcome any untoward effect of the anesthetic. 

Practically the only disadvantages of this position are those resulting from 
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the increased congestion of the head and neck, and the frequent postoperative 
pain in the back of the neck. 

Anesthesia. Ether is iindoubtedly less dangerous than chloroform, and is 
therefore to be preferred, but it should always be administered by a competent 
and experienced anesthetist. Some English surgeons prefer chloroform bo- 



Fio. 23. —Kobe Position. 


cause it is more easily administered than ether, and does not cause as much 
congestion of the tissues or produce as much mucus and saliva; but its dis¬ 
advantages far outweigh its advantages. For the convonience of the operator 
and to prevent unnecessary delays, an apparatus which administers intranasal 
anesthesia should be employed. Keep the patient only just rmder the influence 
of the anesthetic and at no time should ho be so profoundly under that the 
pharyngeal reflexes are absent. 

Choice of Method of Operation. —I consider the operation of choice to be the 
one described by Berry and Legg, for practically the same reasons as those 
already given in favor of operations in the second year instead of in early 
infancy. The operation is comparatively simple, anatomically correct and 
theoretically sound; and has fewer difficult technical details than most other 
procedures described below. At the same time it must be borne in mind that 
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any operation undertaken to repair cleft palate is per se one of the most diffi¬ 
cult in surgery, requiring, as it does, foresight in planning the work to be done, 
great care and patience in its performance and, to obtain a good result, a con¬ 
siderable degree of surgical skill. The field is small and frequently inadequate 
to work in, tho parts to be dealt with aro small, delicate, and easily injured 



Fio. 24 .—Smith's Clept Palate Gao. 


permanently, and their final readjustment must be exact. The instruments, 
especially tho needles, the needle-holder, and the sutures, must be fine and deli¬ 
cate, and therefore difficult to use. It is one of the few operations to-day re¬ 
quiring special instruments and it would be almost disastrous to attempt any 
of these operations without the special instruments, which have been designed 
to make possible the accomplishment of the different steps. 

Berry and Legg’s Operation.—The operation described by Berry and Legg is 
divided by them into 5 parts: 

1. Detachment of the mucoperiostcal tissues of the palate from the oral ‘ 
surface of the bony palate. 

2. Detachment of the soft palate from the posterior edge of the palate 
bones. 

3. Paring the margins of the cleft. 

4. Suturing the pared edges. 

6. Making, if necessary, lateral incisions to relieve tension. 

The instruments required are: 

Smith’s cleft palate gag (Pig. 24). 

Long-handled forceps, both with and without teeth (Fig. 25). 

Raspatory (Fig. 26). 

A sharply curved blunt-pointed scissors (Fig. 25). 

A rectan^lar knife (Fig. 25). 
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Sharp and blunt-pointed knives (Pig. 25). 

A rectangular needle, for inserting sutures (Fig. 27). 
A curved needle, for inserting sutures (Fig. 27). 

A needle with double elbow (Fig. 27). 



The first stage is best aeeoiiiplished by making a small linear incision or a 
puncture near the alveolar border (Fig. 28). The situation of this puncture 
depends on the width of the cleft and the height of the arch of the hard palate. 
If the cleft bo wide or the arch low, it will be necessary to make the puncture 
very near the alveolar margin in order to gain a sufficient mucoperiosteal flap, 
and it will in that case be external to the outlet of the posterior palatine artery. 

A 




Fia. 27.—A, A IlBPrANauLAii Nebdlk, run Inseutino Sutohes; B, a Cuuved Needle eou Inheht- 
INO SuTUBBS; C, A Needle with Double Elbow. (Berry and Lcgg.) 


Into this wound, which of course should extend directly down to the bone, a 
periosteal elevator or raspatory is inserted. The instrument is then moved 
toward the middle line with a slight anteroposterior motion, maintaining a firm 
and steady pressure against the bone until the tip appears at the margin of the 
cleft through which it should now be pushed. Into this last wound, the point 
of an ordinary curved aneurysm needle is inserted, and by moving it backward 
as far as it will go, and forward to a line with the anterior notch of the cleft, 
the required amount of mucoperiosteal tissue is freed from the hard palate 
(Fig. 29). The same procedure takes place on the opposite side. If at any 
time the hemorrhage becomes troublesome, it can be arrested by direct pressure 
on the under surface of the flap by means of a sponge or gauze held by the 
operator’s finger. 

The small puncture wound made in the edge of the cleft must now bo ex- 
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tended by means of the rectangular knife in a posterior direction to the point 
where the junction of the hard and soft palate occurs. 

The second step—the detachment of the soft palate from the posterior edge 


of the palate bone—the authors 
call “the most important in the 
whole operation,” because if not 
properly and completely accom¬ 
plished, the closure of the cleft of 
the soft palate without tension is 
impossible. 

This part of the operation is 
done by inserting one hhnlc of a 
pair of sharply curved hlunt scis¬ 
sors into the space between tho 
lower surface of the hard piilatc 
and the mucoperiosteal Hap, at the 
point where the junction of the 
soft and hard palates occurs (Fig. 
30, A and B). The other blade 
is introduced over the nasal sur¬ 



face. (3are must be taken that Fia. 28 . — Dkiuiy and Leiui Opbkation (i). Situ- 

thc length of the ent be not snfR- ‘“"I" i>.<-ision nmi mrti.od of ,>a«sinR 

® ^ pcrioHtciil elevator or raspatory between tnucopen- 

cient to injure the posterior pala- osteal Hap and surface of hard palate. 

tine artery. 

The third step—paring tho margins of tho cleft—is most easily accom¬ 
plished by grasping with a finc-toothed forceps the edge of the cleft at a point 
where the junction of the hard and soft palates formerly occurred. A very 
fine and sharp scalpel is then thrust through the whole thickness of the soft 
palate as near its internal edge as possible, transfixing all its layers. The in¬ 
cision is then made in an anterior direction as far as tho notch. The scalpel 
is then withdrawn and re-inserted slightly posterior to the fonteps at the same 
distance from tho free edge, and the incision (;ontinued in a posterior direction 
toward the uvula. As soon as this becomes ditticult, due to tho uustoadiness of 
tho tissues, the scalpel is again Avithdrawn, and the bridge of tissue, left within 
the grasp of the forceps, is divided. Then, by making traction in an inward 
and backward direction on the edge that has already been removed, the re¬ 
maining edge can bo easily pared off. 

Tho fourth step is the suturing of the pared edges. Berry and Logg con¬ 
sider tho best suture material to be silkworm-gut, and recommend the use of 
the so-called Smith needle (Fig. 27). The pared edge is now grasped at a 
point near tho anterior part of the soft palate and there the first suture is 
inserted. The needle should be passed in at a point from 3 to 5 cm. from the 


cut edge, and in a direction through the tissues slightly outward. As it is passed 
back into tho mouth from the nasal surface, the needle should point inward, tho 
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object of this being to increase the tendency of the cut edge to evert when the 
sutures are tied, which is very important. The next suture, passed in a simi¬ 
lar manner, should be about 5 or G cm. 
from the first, the same distance from 
the edge and in a posterior direction. 
When the tip of the uvula is reached, 
in order not to interfere with its circu¬ 
lation, the last suture must be made in 
a transverse direction. As these su¬ 
tures are passed, they may bo tied, 
much care being taken not to endanger 
the vitality of the flaps by too great 
tension. The accurate approximation 
of the edges and the avoidance of any 
inversion whatever is absolutely essen¬ 
tial. The help of an assistant with deli¬ 
cate tenacula may be necessary at this 
point to accomplish this end. The su¬ 
ture of the tissue over the hard palate 
now takes place from behind forward. 
If it appears that the tension is becom¬ 
ing too great, it may bo necessary at 
this point to perform step No. 5. If 
this is not the case, the suture is com¬ 
pleted (Eig. 31). 

If difficulty is encountered in using the Smith needle, the 2-loop method of 
passing sutures, as described in Urophy’s operation, may bo successfully re¬ 
sorted to. Perry and Legg also advise the use of a tension suture of slightly 
heavier material, passed at a point in the soft palate near its most anterior 
edge, through all its layers about 15 mm. from the internal edge and tied just 
tight enough to relievo tension. 

The fifth step provides for the jnaking, if necessary, of lateral incisions to 
relieve tension. In most cases it will be noticed at this stage that a certain 
degree of tension exists in tlie^ suture line, and unless this be relieved, the 
chances of failure of the operation are much increased. The best incision to 
relieve tension in most cases is one “beginning a little in front of the junction 
of the hard and. soft palates near the alveolus, but internal to the posterior 
palatine foramen; it should extend obliquely backward to a point nearly half¬ 
way between the posterior end of the alveolus and the posterior margin‘of the 
soft palate. The incisions may be straight or with a slight curve, the concavity 
of which is outward.” 

Care must be taken not to make these incisions too long, or too far anterior, 
or too near the middle line—for each one of these errors has a tendency to 
lessen the vitality of the flap. 



Fro. 29.— Blrrt and Leog OpBiiATtoN (2). 
Insertion of aneurysm needle into wound on 
edge of cleft. Dotted area indicates the 
extent to which mucoperiosteuni is lifted 
from the bone. 
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Langenbeck’s Method of Uranoplasty as Modified by Selbing. —This proce¬ 
dure presents but few changes from the original, but these changes are impor¬ 
tant and have markedly improved the results. The operation consists of 4 steps: 

1 . Paring the margins of the cleft. 

2 . Lateral incision through the involucrum palati duri. 

3. Detachment of the mucopcriosteal flap from the hard palate. 

4. Suturing. 

The majority of surgeons perform the entire operation in 1 stage. Helbing, 
however, prefers to follow Wolff’s modification of 2 stages, with an interval of 

from 2 to 5 days. If this be done, the 
lateral incisions and detachment of the 
flaps (steps 2 and 3) are done at the 
first operation; while paring the mar¬ 
gins of the cleft and suturing (steps 1 
and 4) are left to the second operation. 

Wolff divides the operation into 3. 
stages for very small children, making 
the 2 flaps at separate operations and 
paring the edges and suturing at a third 
operation, which takes place 9 days 
after the first. 

The advantages of performing the 
operation in 2 stages are: 

1 . The more radical phase of the 
operation, the lateral incisions and the 
detachment of the flaps, usually accom¬ 
panied by loss of blood, takes place at 
the first operation; it is, therefore, not 
only less dangerous, but allows the child 
time to recuperate before the suturing takes place. 

2. As soon as the effects of the anesthesia have passed off, the child can 
be nourished as usual. This factor is of considerable importance for the suc¬ 
cess of the suture, as is also the fact that the child has time to recover from the 
rise of temperature (38° C.) which usually follows the first operation. 

3 . The circulation and nutrition of the flaps become reestablished before 
suturing. By this means the small, circumscribed patches of necrosis which 
usually occur along the cleft margins are avoided and in consequence the sutures 
hold better. Should there be, however, any necrotic patches, they can be re¬ 
moved at the second operation. 

4. The flaps become thickened and more vascular after a few days, and 
thus accelerate the healing by enlargement of the raw surface. 

5 . The hemorrhage at the second operation is very slight and the suturing 
can be done with greater exactness, as the view of the field is not obstructed. 

6 . The gaping of the lateral incision, which some surgeons endeavor to 



Fio. 31.—Berry and Ledo Operation. (4) 
Method of suture, and also showing lateral iu- 
cisions to relieve tension. 
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remedy by packing, is avoided except in cases of very wide clefts. When the 
flaps have been previously loosened they become adherent again in a better posi¬ 
tion, and are only detached from the subjacent structures along tho line of 
suture at the second operation, when the sutures arc in place. It is only in 
very wide clefts that it is necessary to detach the Haps by means of elevators 
when the sutures are tied. In ordinary cases the tension of tho sutures is suffi¬ 
cient to place the flaps in position without completely detaching them from 
the underlying structures, and to avoid the gaping of tho lateral incision. Tho 
danger of a fistula is thus greatly diminished. 

It may be argued that 2 operations arc unnecessary, and that danger of 
infection is thereby increased. 'I'lio advantages of 2 stages, however, far out¬ 
weigh the extra time and trouble. Tlelbing states that he has followed this 
method in over 100 cases without infection in a single one. 

STEP 2.— The lateral incision through the involucrum palati duri.—A per¬ 
pendicular incision is made with a pointed scalpel close to tho alveolar process 
at the right side, passing down to the bone. The length of tlie incision depends 
of course upon the size of the cleft. Bleeding is checked by pressing tho left 
forefinger against the bone along the incision. 

In cases of unilateral cleft through the alveolar process, the incision ex¬ 
tends over the alveolar process between 2 teeth. The incision is carried from 
behind over the alveolar process and ends in an inward curve in the buccal 
mucous membrane. The latter portion of the incision is superficial, so as not 
to injure the palatal muscles. This long incision, confined to tho oral mucosa 
of the velum, has two advantages, the increased mobility of the velum, and tho 
preservation of the margin between the hard and soft palates, which materially 
lessen the danger of fistula at this place, irdbing has never found that it 
makes any difference if tho palatine artery be injured, and whenever that acci¬ 
dent has occurred, he has never allowed it to interfere with tho proper detach¬ 
ment of the flaps. 

STEP 3.— The mucoperiosteal flap is then raised from tho subjacent tissue, 
with much care, as described in Berry and Legg’s operation. 

The soft palate is then separated from the horizontal portion of tho palate 
bone at the margin of the cleft, but laterally it is left attached to tho bone. 
The 2 halves of the soft palate arc next approximated by blunt dissection be¬ 
tween the 2 flaps of mucous membrane. It is of importance that the muco¬ 
periosteal flaps bo sufficiently detached to allow apposition of their mucous sur¬ 
faces. It is essential that each flap be loose enough to extend to tho middle 
of the cleft of the other side without tension. 

When this procedure is completed on tho right side, the left side is at¬ 
tacked. 

Treatment in tho interval does not differ from that of other patients—after 
12 hours, liquid and soft diet until the third or fourth day, when general diet 
is given. Small children have usually a slight rise of temperature (38° C.) 
during the first 2 days. 
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STEP 1.— The paring of the edges.—The second operation takes place on 
the fifth day. To insure a full view of the opei'ative field a silk thread is passed 
through the tip of the tongue so that it can be drawn well forward before in¬ 
serting the speculum. The lateral incisions and the cleft margins are painted 
with dilute tincture of iodin. 

The right uvula is grasped with a pair of long fine forceps and a double- 
bladed slightly concave scalpel is inserted about 1 cm. from the tip of the 
uvula and 2 mm. from the cleft margin. The scalpel is guided obliquely down¬ 
ward and inward with a sawing motion, cutting a strip 1 to 2 mm. wide from 
the cleft margin. 

STEP 4.— The suturing of the cleft margins.—The first suture is laid at 
the tip of the uvula and llblbing is very particular to have the two freshened 
ends held at an equal distance from the median line. He uses horsehair and 
silk alternately, Ho. 0 or 1 silk for the velum, and Ho. 1 or 2 silk for the 
hard palate. The sutures are laid at a distance of 2 to 3 mm. on the soft 
palate, and 3 to 4 mm. on the hard palate. The sutures are alternately deep 
and superficial. In the posterior V/j cm. of the uvula, the oral mucosa only is 
penetrated. In the anterior portion, both mucous membranes are caught in the 
suture. 

It is not practicable to tie each sutrirc, because it would be difficult to in¬ 
sert the next suture with accuracy. Here TTelbing’s suture-holder is a great con¬ 
venience. It is made of metal and is 1 cm. wide and 17 cm. long. Through 
each side are inserted 13 loops of steel wire between which each pair of sutures 
may be clasped until they are tied—the first pair in the first right interspace, 
the second pair in the first left interspace. 

In tying horsehair sutures a certain amount of dexterity is necessary, as 
they are apt to break, especially in tying the second knot. Horsehair is, never¬ 
theless, superior to silk for the following reasons: 1. One is not so apt to 
pull it too tight. 2. It docs not unravel like silk, and therefore does not become 
saturated with food particles. 

For the uvula a cresdent-sliapcd needle 6 mm. across is best, and a needle- 
holder with a long handle. A Hagedorn needle is used for the other sutures. 
According t6 the size of the cleft, from 2 to 4 retention sutures of silver wire 
are placed at a distance of 10 to 12 mm. from each other. These are deeper 
than the other sutures and are added for the purpose of reinforcing the silk and 
horsehair during coughing, sneezing, and vomiting. The posterior silver suture 
is placed in the soft palate.’ Hone of the silver sutures should be closed until 
the other sutures are tied. 

The silk sutures are removed on the eighth day, the horsehair on the ninth, 
the silver wire on the tenth. In children under 4 years of age, all sutures are 
removed under anesthesia on the ninth day. 

Brophy’s Operation for Patients whose Deciduous Teeth Are Well Erupted and 
whose Bones Are Well Ossified. —1. Denude the hard palate on its inferior sur¬ 
face, of its covering of mucous membrane and periosteum, by inserting a special 



Fio. 32.-BROPHY Operation (1). ShowinR method of inserting tension 

of lead plates. 


sutures and application 
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Pio. 33. Bropht Operation (2). Showing approximation of edges of cleft hv mA.r... ■ j 

tension on silver wires. A. A. Lead plates; B. closed palatfrC coa?tatiersu“ures 
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curved periosteatome in the edge of the cleft at a point about half way be¬ 
tween the notch and the juncture of the hard and soft palates. Care must be 
taken to press firmly upon the bone while this is being done, in order to insure 
the complete removal of the periosteum with the dap. The denuded,area must 
extend anteriorly as far as the notch, or if the cleft be complete, it must ex¬ 
tend along the alveolar border as far forward as the teeth. Laterally it should 
extend to the edge of the alveolar margin and posteriorly to the point of union 



Fio. 34.— Brophy Operation (3). Transverse section of superior maxilla, showing relative position of 
mucoperiostoal flap and hard palate. A, Mucoperiosteuin dissected away from the palatal surface of 
the superior moxillse; B, silver tension sutures; C, coaptation sutures; D, D, lead plates. (Brophy.) 

between the hard and soft palates. Hemorrhage, if troublesome, can bo con¬ 
trolled at this stage by simple pressure. 

2 . Paring the edges of the cleft throughout may be done in the same man¬ 
ner as described under operation of Berry and Legg (page 473). 

3. Separation of the soft from the hard palate (Pig. 30). 

4. For suturing, the author uses a Deschamp needle by means of which 
4 strong silk sutures are passed through the flap in pairs, about in. apart, 
and inserted % in. from the cut edge. The first pair is placed near the 
anterior part of the cleft and the second pair near the junction of the hard 
and soft palates. By means of these silk sutures, 4 pieces of No. 22 silver wire 
are drawn through the tissues and lead plates (No. 22 American gauge, shaped 
as in Fig. 32) are perforated to correspond to the position of the wire. These 
are then threaded through the plates and twisted together as shown in P’igure 
32. Interrupted sutures are then placed in sufficient numbers to get exact 
approximation of the edges. More twists arc then taken in the silver wires 
until tension on the interrupted sutures is absolutely relieved (Figs. 33, 34). 
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The advantages claimed for this operation are: 

“The prevention of the cutting out of the sutures, since the lead plates coming in 
contact with the soft palate exert pressure thereon, and consequently the tension is not 
made by the sutures alone, which exert pressure on so limited a portion of the tissue, 
but it is upon the entire length of the palate covered by the lead jdates. 

“The lead plates serve as a splint, rendering the palate, inflexible to a very great 
extent. The movements which arc almost constant are suspended; the active muscles 
are put out of use until union of the cleft may take place. After using this method of 
closing the soft palate, I feel confident that better results can be secured than by the 
employment of sutures alone. As i)rcvionaly stated, this is not to take the place of 
the operation of dividing the Ixmcs at the iiinlar process, and carrying the greater por¬ 
tion of the maxillary bones together, but it is adapted to the treatment of patients 
whose bones are well ossified and whose deciduous teeth are well erupted. It is in such 
cases that I recommend this operation.” 

The Davies-Colley Operation (1) (Fig. .‘1.')).—Make e.nrvcd incision AP 
through mucous membrane and periostenin down to tho bone on tbo narrow side 
of the cleft. Point A must be at the 
posterior limit of the hard palate, at 
least .4 cm. (% in.) from the free bor¬ 
der of the cleft, and point P should bo 
opposite tho notch the same distance 
from the border of the cleft. Raise flap 
formed from this incision from bone 
with periosteal elevator, cure being 
taken to include all the soft parts, leav¬ 
ing tissue between points A and B to 
act later as a hinge. 

Then make incision CDE on tho 
wider side of the cleft down to bono. 

Incision CD should be .3 cm. (Vs 
external to free edge of cleft. Now 
raise flap with periosteal elevator, great 
care being taken not to damage the tis¬ 
sue lying between the points C and E. 3^—Davies-Collby Operation (1). 

Tho next step is to turn tho flap Method of making the incisions. 

formed by incision AP downward and 

inward, and make fast its free edge with 2 fine catgut sutures to the opposite 
margin of the cleft. 

The last step is to slide the apex of the second flap across the raw surface of 
the first fiap, and fasten as is shown in Figure 3G. If this last flap appears to 
lie* somewhat loosely in its new position, this need cause no apprehension be¬ 
cause the pressure of the tongue will force it upward and thus enable the 2 
raw surfaces to adhere. 

The advantages claimed for this operation are: 
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“(1) There is lees hemorrhage; (2) leas bruising of the parts; (3) less sacrifice 
of tissue; (4) less tension upon the flaps; and (5) the operation can be easily per¬ 
formed at an early age, e. g. between the. ages of one and two years. 

“The disadvantages are; (1) The hard palato alone is united; (2) a foramen is 
apt to be left in the front part of the cleft. (This can be closed later.)” 

Brophy’s Osteoplastic Operation. —This procedure is suitable only in infants 
less than half a year old, because after that age the bones become too much 

ossified and hardened. It may be neces¬ 
sary, even in the youngest children, to 
divide the maxillary hone near its 
malar junction before the gap can bo 
successfully bridged. 

The operation can bo divided into 
the following steps: 

1. Pare thoroughly and completely 
the whole free edge of the cleft to such 
an extent that a small portion of the 
bones of the hard palate aiid alveolar 
border shall be excised. By so doing, 
it is possible to get real bony union, 
which cannot bo obtained by simply 
removing a strip of mucous membrane, 
without freshening the bone. 

2 . Raise the cheek and, at a point 
on the buccal surface of the superior 
maxilla, just back of the malar process, 

near the extremity of the hard palate and high enough to insure its being above 
the palate bone, insert a strong needle, carrying a loop of silk directly through 
the superior maxilla. When the point of the needle can be seen to appear in 
the mouth, through the cleft, the silk is grasped with an artery clamp and the 
needle withdrawn. At a similar point on the opposite side a second needle is 
passed and the loop grasped. Thus 2 loops are now to be found in the mouth. 
By drawing one loop through the other and making traction (see Fig. 37) a 
double through-and-through suture of silk is left. 'To the external end of the 
silk thread a silver wire T7o. 20 bent on itself is then fastened, and by a reverse 
traction, is made to pass through both punctures in the superior maxilla. A 
like procedure is then repeated at a point anterior to the malar process, the 
same distance above the inferior edge of the alveolar border. 

3 . Lead plates 1.3 cm. (% in.) wide of about No. 17 American gauge 
should be in readiness. These are now cut off sufficiently long to allow a projec¬ 
tion of at least 3/5 cm. (1/4 in.) beyond each through-and-through suture.' 
These plates are then moulded to the external or buccal surface of the superior 
maxilla and perforated at the proper places to allow the passage of the silver 
wire sutures, which are then twisted together—one pair on each side (Fig. 38). 



Kio. 36 .—Davibs-Colley Operation (2). 
Showing positions of transposed flaps. 
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4. Forcible approximation of the bones of the superior maxilla can be 
accomplished by increasing the tension on the wire sutures, by twisting the 
ends together with an artery clamp or small pliers, and aiding by strong digital 
compression of the bones (Fig. 31)). In many cases perfect approximation of 



Fia. 37.—“Two-loop Mkthoo” of Pasbino Silvku Wihk Tuuouoh Supeuior Maxilla. 

the cut edges of the cleft in tlu; palate can b(> accomplisbed by this means with¬ 
out any further surgical procedure. If, however, the cleft be very wide or the 
bones unusually ossified, so that union cannot lx; accomplished in this way, it 
may be necessary to divide the malar proce.ss. A very small incision is made 



Fia. 38.—Brophy Osteoplastic Operation (1). A, Silver wire; B, load plates; C, tooth; D, cleft. 

high in the cheek through the buccal mucous membrane, just below the malar 
process. A scalpel is then passed deeply into the tissue in a horizontal direc¬ 
tion, and the malar process and deep parts are severed without allowing the 
wound in the mucous membrane to become any larger than is absolutely neces- 
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jacent mucous membrane becomes steadily greater. Still this is a matter of no very 
great moment as compared with the importance of the closure of the cleft. 

“The manner in which the flap is formed from the mucoperiostciirn on one side, 
and is fixed beneath the separated niucopcriosteum lining the roof of the mouth on 



Fig. 40.— Flap Raised and Fixed in Position. In this case, the elcft is not of suffioient breadth to 
render it necessary to strip the alveolus of its coveriiiK of mucous nicnibrane. (Lane.) 


the opposite side of the cleft in an edentulous infant, is represented in Figures 40, 
41. 42. 

“In the soft palate, the flap, which is raised, comprises all the soft parts down to 
the tensor palati, and may bo made as extensive as necessary, by encroaching on the 
cheek, if there is not enough material in the remains of the soft palate. As regards 
the soft palate, this method of operating is incomparably more certain of success than 
"the usual mode of paring the edges of the cleft and bringing them together. This last 

is only rendered possible by the free ver¬ 
tical division of the palate muscles on 
either side, atid the junction so effected 
frequently breaks down. In my opera¬ 
tion, the continuity of these muscle 
planes is unimpaired, no cicatricial tis¬ 
sue existing in their substance and no 
loss of function arising in any part in 
consequence, the muscles on both sides 
being connected by material on which 
they can exert efficiently their traction 
normally in their several directions. On 
the other side of the cleft, the mucoperi- 
osteum is divided along its free margin 
until the soft palate is approached. The 
extremity of the uvula or its relic is 
picked up with forceps, and an incision 
is made outward from it along the free 
margin of the palate for some distance; 
and from its outer limit another is car¬ 
ried forward and inward along the upper 
part of the soft palate to reach the pos¬ 
terior limit of the incision running along 
the free margin of the hard palate. The 
triangular flap of mucous membrane and 
sub-mucous tis.sue, intervening between 
the two incisions described, and the margin of the cleft in the soft palate, is raised off 
the subjacent muscles and turned inward, and the raw surface left by this procedure 
is increased in area by turning outward a further portion of the raucous mem¬ 
brane covering the soft palate externally. By this means the area of the upper 
surface of the soft palate, rendered bare by the removal of its mucous membrane 
covering, is rendered much greater than before. By moans of a stout steel elevator 




Fio. 41.— Cleft of a Breadth Sufficient to Re¬ 
quire THE Employment of a Flap from the 
Entire Alveolus. The heavy lines indicate the 
incisions, that to the left of the cleft being on 
the nasal surface of the palate, while that on 
the right is on the buccal aspect. 
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introduced between the mucoperioa- 
teum mid the bone, through the inci¬ 
sion made alonp; the marprin of the cleft, 
the mucoperiostcnni'is raised from tho 
bone up to the inner margin of the 
alveolus. Tho flaji, whoso edfre is at¬ 
tached alont? the niarffin of the eleft, is 
placed beneath the flap whi<-h has been 
raised from, and for a considerable dis¬ 
tance beyond, the marfirin of the cleft; 
and it is pinmnl down by fine curved 
needles and 0000 Chinese twist silk in 
this position, by a number of sutures 
which perforate tho free mar^rin of tho 
reflected flaj) and the outer part of tlie 
elevated flap, the knots beiiiR tied on 
tho under surface of the latter, whence, 
they can be removed with facility 
when the opiiosiiifj; surfaces have 
united firmly, which they do in 
about ten days. Then the free mar- 
frin of the raised flap is attaclu'd by 
separate sutures to the raw surface 



l^Ki. 42. —Fi.ap.s Suturkd in Position. Tho shaded 
area rc|)roBpnt.s the. siirfarr laid bare by tho ro- 
jiioval of the flap. 


of the reflected flap. Finally th(> 

opposing edges of the free margin of the soft jialato are. uniti'd in a similar manner.” 



Fio. 43. —Lane Operation for Broad Ci,eft Involv- 
ino Almost the Entire Palate. 


1. OPERATION FOR BROAD 
CLEFT INVOLVlNf} ALMOST 
Til E E N T 1 R E PALATE ( Fifr. 
4:5).—Tlio first iiK’ision hogins 
at A, goes to H, is continued to 
C, and then tlirough tho free 
edge of the soft palate to D. 
Tlio second incision' starts at E, 
extends along tho edge of tho 
cleft to the junction of the soft 
and hard palates E, is contin¬ 
ued on the superior surface of 
the soft palate to a point G. A 
third incision starting at G is 
carried along the free edge .of 
tho soft palate to IT. The fourth 
incision, starting at E, extends 
to T in a direction anterior and 
outward. If the septum is free 
in the cleft, a fifth incision 


extending from K to L is made, with 2 smaller incisions M and N, O and P. 
The flap bounded by A, B, C, and D is then carefully lifted from the sul; 
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jacent structures with a special¬ 
ly designed knife, and must in¬ 
clude not only the mucous mem- 
hrane, but also the periosteum. 
At the posterior palatine fora¬ 
men the artery can usually be 
caught with an artery clamp as 
it emerges. The flap bounded 
■ by the incisions I, E, and F is 
then raised from the hard pal¬ 
ate in a similar manner. The 
flap on the superior surface of 
the soft palate, bounded by the 
incision F, G, and II, must be 
raised carefully and include 
only the mucous membrane and 
submucous tissue. It is turned 
downward and inward, hinging 
on a lino from F to 11, The 
first flap can now he turned downward and inward, hinging on the lino A and 
D, which is one of the edges of the cleft. This flap is then inserted between 
the under surface of the hard 
palate and the upper surface 
of the raised flap bounded by 
I, E, and F (Fig. 44). 

If the septum appears in 
the cleft, the s m a 11 flaps 
marked out by the incisions 
N, K, L, and P, and 1\I, K, 

L, and O are raised and 
turned down. A small linear 
incision is then made through 
the mucous membrane of the 
first flap to correspond to the 
area which will be in apposi¬ 
tion to the raw surface just 
produced on the septum when 
the first flap is turned over 
and fastened to the opposite 
side. 

To complete the opera¬ 
tion, interrupted sutures are 

placed, to fasten the free outer edge of the first flap to a line nearly opposite the 
alveolar border. A second row of interrupted sutures is then placed, to fasten 



—B 


Fiq. 45.—Lane Operation When the Width of the Cleft 
IS Extreme. 
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the free edge of the second flap 
to the raw surface of the first flap. 
The flap from tlie superior sur¬ 
face of tlie soft palate is then su¬ 
tured to the raw surface of the 
first flap, as shown in Figure 44. 

2. OPERATION WHERE THE 
WIDTH OF THE CLEFT IS EX¬ 
TREME.— It is fretpiently ijiipos- 
sible to close the gap in one opera¬ 
tion, so a 2-stage procedure may 
be adopted: 

The first incision oxtcmls from 
A to P, completely surrounding 
the external surface of the alveo¬ 
lar border (Fig. 45). 

The second incision extends 
from C to T) to E. 

The third incision extends 
from F to G to IT. It is tlicu pos- 



Fio. 40 .—Fi.ai‘8 in Pohitiov. 


siblc to lift a mucoperiosteal flap bounded by the iiKtisions I), K, IT, and (J and 


leave a small bridge of tissue which must act as a hinge between the points 



Fio. 47.— Lane Operation When the Width of 
THE Cleft is Extreme. Second utajse. 


I) and G. 'rids Hap is then 
turned downward and backward, 
and sutured to the raw edges 
created by the incision (! and 1), 
F and G. 'riie ne.xt step is to 
cand’ully raise the 2 flaps: the 
one mai'ktal out by the incision 
C-I), J)-M, and K-A; the other 
F-G, G-II, and ll-P. I'heso 2 
Haps are now rotated or slid 
toward the middle line, and the 
lines I)-E and G-II arc sutured 
together in the middle line, there¬ 
by covering the raw surface of the 
first flap with mucous membrane 
(Fig. 40). This completes the 
first stage. 

For the second stage (Fig. 
47), incisions are made from a 
point A, along the free margin of 


cleft to B, along the free edge of soft palate to (J, and then in an anterior 


direction toward the alveolar border to a point D. 


A similar flap is made on 
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the opposite side from the point A, to E, to E, to G. These flaps must include, 
as is always the case when flaps are taken from the soft palate, only the mucous 
membrane and submucous tissue. These 2 flaps are now brought together in 

the middle line by sutures which 
finally approximate the points B 
and E. Interrupted sutures are 
then placed fastening the exter¬ 
nal edge of the flap to the soft 
palate B, C' and G, F'. Finally 
sutures are placed between the 
points C' and F', establishing the 
free border of the new soft palate 
(Fig. 48). 

Roberts’ Method.—The treat¬ 
ment of the child, according to 
Roberts, should be by what might 
be called the composite method. 

1. Immediately after birth 
the mother should press the two 
halves of the upper jaw together 
, firmly with her finger and thumb 

B E r many times a day. This ortho- 

Fio. 48.—Flaps in Position. pedic procedure tends to lessen 

the width of the fissure. 

2. As soon after birth as possible, the soft and semicartilaginous bones of 
the upper jaw should be forced together by means of a clamp or by the more 
formidable operation of Brophy, with wire tie-beams and lead plates. 

3. About the same time that this replacement of the bones is attempted, 
the alveolus should be reconstructed in front, if there be any great deviation in 
the alignment. 

4. Any protrusion of the intermaxillary bone must be corrected by a 
plastic or osteoplastic operation at the front part of the nasal septum of the 
nose. 

6. A gap remaining in the roof of the mouth must next be closed by a flap 
operation. 

6. The fissure in the upper lip must not be operated upon until then and 
should he closed with carefully applied sutures and the deformity of the nostril 
corrected. 

7. When the lower lip is very prominent, the excision of a V-shaped piece 
and the widening of the upper lip if indicated, by the insertion of this piece or 
a flap taken from cheek, chin, or hand. 

After-treatment. —The essential points in the after-treatment of opera¬ 
tions on the palate are: 1. Quiet and rest of the parts; 2. Cleanliness. 

The first point may be obtained by the use of such drugs as paregoric or 




491 


HARELIP AND CLEFT PALATE 

chloral for the first 24 hours after the operation. From the second day on the 
child must be amused, given plenty of toys to play with, made as comfortable 
and annoyed as little as possible. He should be allowed to be with people ho 
likes. As iniieh sleep as the child can get is very beneficial, and plenty of fresh 
air is essential. 

As to the seeond point, eleanliness, it is quite a question if the antiseptic 
sprays and douches often recommended do not frequently do more harm than 
good. They must necessarily be very weak in antiseptic value, and as the 
quantity of fluid used must be very small, the cleaning value cannot be great.. 
As the administration of these douches always excites violent and continuous 
opposition on the patient’s part, accompanied by much crying, the harm done 
is probably greater than the good. Frequent drinks of a small quantity of clean 
water are, in my opinion, much more useful. Of course, in older children and 
in adults, local cleanliness can be maintained by direct applications to the 
wound, and, in these cases, should be employed. 

The diet must consist from the first to the sixth or eighth day of fluids only, 
a very small quantity at a time, and given with a spoon. After the eighth day! 
custards and soft puddings may be added, but it is best not to give any solid 
food until the wounds have been examined and the fact established that heal¬ 
ing has taken place or has progressed as far as it will go. After tho adminis¬ 
tration of any food, it is well to give a small quantity of water, with tho ex¬ 
pectation that particles of food, which may have lodged in the incisions, will 
be washed away. 

Unless some serious complication occurs, such as sepsis or hemorrhage, tho 
wound should be let alone for at least 3 or 4 days. If the hemorrhage is ’ 
secondary and profuse (some cases have been reported as late as the tenth 
day after operation), it is probably due to bleeding from tho posterior 
palatine artery. This may be controlled by the insertion into tho pos¬ 
terior palatine foramen of a small pointed piece of wood, such as tho 
end of a match. Slight secondary oo/.ing is generally due to infection 
and gangrene and is rarely serious. Much harm .has been done by frequent 
examination during the first week, but it is difficult to abstain from makinir 
them. ^ 

The use of splints on the child’s ann or any other form of restraint after 
the first 24 hours, is apt to fatigue and annoy the child and make it restless. 
It IS, therefore, better not to use them, provided proper attention can bo given 
the patient by a parent or nurse. 

Kesults.—A complete and perfect repair, as a result of an operation, is un¬ 
usual, and the family should not bo led to expect it. It is not uncommon for 
the line of junction to present some gaps, after the stitches of flap operations 
have been taken out. These gaps, which are the result of infection, over-ten¬ 
sion, or erosion, are usually located at the junction of the hard and soft palates 
or directly back of the incisors. They are apt to close spontaneously, through 
granulation, in 8 or 14 days. Healing of small but persistent gaps may be 
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acceler&ted by the application of mild caustic agents. Large defects sometimes 
require a secondary plastic operation for their permanent correction. 

Gangrene after these operations may be due to a variety of operative causes, 
aside from the division of the posterior palatine artery, which is sometimes in¬ 
evitable. A frequent contributing cause is too tight tying of the stitches. 
When flaps are torn or detached, they should at once be repaired by means of 
fine silk sutures. A cause of gangrene, for which the operator is not respon¬ 
sible, consists in the necessary detachment of very thin flaps, which may at 
once become discolored and pale, but which sometimes resume their normal 
color in the course of the operation. In less fortunate cases, one or several 
flaps may become partly or entirely gangrenous, especially around the margins, 
but the loss of substance is often spontancoiisly repaired to an unexpected de¬ 
gree. Le Dentu mentions a case of repair of the entire palate, after gangrene 
had destroyed half of the width of one of the flaps, and at least 2 cm. in.) 
of its length. Fistulm of different sizes usually persist after solutions of con- 
tinuity larger than 5 to G mm. in diameter, l^ateral fistula;, not due to re¬ 
stricted gangrene or ulceration, may form at the level of the incisions and have 
been attributed by Ehrmann to constitutional or intercurrent diseases. Exces¬ 
sive length of the lateral incisions, the position of the incision too near the edge 
of the cleft, or traction upon the internal margin of one incision from rapid 
healing and contraction of another incision, can also be mentioned as causes 
which have a tendency to produce fistula?. 

Late Results.—The remote results of operative closure of cleft palate are 
discussed by Hageman (8) upon the basis of re-examination of 23 cases which 
had previously been operated upon according to the Langcnbeck method. In 
the majority of these cases, plaster casts were taken of the superior and inferior 
maxilla;. Of the seven patients who had been successfully operated upon be¬ 
tween the ages of two and seven years, no less than five presented a very char¬ 
acteristic change, which consisted of smallness of the ripper jaw in general, 
more particularly a narrowness in the transverse direction, with a transposal 
of the teeth in the lower jaw, their crowns having rotated inward. These 
changes of the upper jaw are explained as due to the traction of the scar tissue, 
which forms in the under surface of the hard palate. This cicatricial contrac¬ 
tion subsequently induces a transverse narrowing of the upper jaw. The 
change in the lower jaw takes place through the functional adaptation of the 
teeth of the inferior maxilla to the upper jaw. When these changes are very 
pronounced, the result is a disfigurement of the face and a general disturbance, 
on account of the interference with the act of chewing. Upon the basis of his 
findings, Hageman arrives at the conclusion from a practical point of view, 
that it is of the greatest advantage in the first place, to apply dental protheses 
to stretch the upper jaw after operation; and he advocates the postponement 
of the Langcnbeck operation, at least in severe cases, until the change of teeth 
has been completed, namely until after the tenth year if possible. 

The modern operative methods of forcible approximation of the entire 
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upper jaw do not appear very promising for the future configuration of the 
maxillae, and are likely to induce an increased degree of transverse narrowing 
of the superior maxilla. These methods (Brophy, Sebileau, Hammond, Schroe- 
der, Helbing) must therefore be applied with some caution. After the Langon- 
beck operation, when it is performed at a very youthful age, the growth of the 
upper jaw should be steadily coiitrolk'd, that it may be enabled by means of 
orthodental apparatus to counteract in. time the narrowing of the maxilla. 

It should bo well understood that tbe repair of the palate, even if eminently 
successful, docs not correct the defects in speech; or, even where the operation 
is performed in early infancy, prevent them from occurring. All that tho 
operation can do is to make it more possible for the child to learn to speak 
correctly and therefore it is of great importane(^ that the child .should receive 
careful and intelligent instruction as .soon as possible after tho operation. 

After early operations upon clefts of the .soft palate in the fir.st few years of 
life, no obturator may be required, but tbese prothesos often act as useful adju¬ 
vants in the speaking exercises of older childnm. Kla.stic. obturators filled with 
air and inserted between the velum and the posterior pharyngeal wall, closing off 
tho nasal cavity, are recommended by »T. Wolff and Schiltsky. This protliosis 
has a palatine plate of hard rubber with a narrow handle, which is made to lie 
over the soft palate and terminate iti a small hollow pharyngeal obturator, made 
of vulcanized soft rubber. This pharyngeal obturator is compressible and con¬ 
tains air, and when the palatine velum is raised in speaking, it is pushed back¬ 
ward and sideways, \/ith the result, in favorable ca.scs, that the nasopharyngeal 
cavity is shut off andthepatient’s speech in con.secjncncc saved from a nasal twang. 

The postoperative results in regard to speech are especially hampered by 
the smallness of the soft palate and its lack of adaptation to the posterior 
pharyngeal wall. Massage of the palatine velum has been recommended for tho 
repair of this defect and for the correction of the resulting nasal speech. This 
massage, according to Tillmanns, may be applied by means of a small T-shaped 
instrument of wood or metal, which is curved to fit the hard palate, and with 
which the velum is stretched toward the posterior pharyngeal wall. 

Mechanical appliances with a flexible velum—the so-called artificial palates 
—were formerly often used as prothesos in these deformities, but are not to be 
recommended at the present stage of surgical technic. They are sometimes 
necessary, however, as a last resort, after repeated surgical procedures have 
proven unsuccessful, because of the sloughing of tho flaps, or in those desperate 
eases in which any operative measures seem foredoomed to failure. 


PLASTIC SURaERY OF THE LOWER LIP: CHEILOPLASTY 

The closure of small and moderate sized defects of the lower lip, either 
triangular or curved, is successfully accomplished through the approximation 
of the flexible parts of tho lip, followed by suture without the aid of cheiloplasty. 
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Large triangular defects which cannot he closed by simple suture withoilt over¬ 
stretching of the parts may he treated by enlarging the mouth-gap through 
horizontal incisions from the buccal angles, followed by suture. A total loss 
of substance, either quadrilateral or curved, of the lower lip may he closed as 
described by Bruns, by plastic flaps from the cheek, which arc turned over into 
the defect and sutured; or, as described by Langenbeck, by a flap cut from the 
chin region, which is 1;umcd upward into the defect and stitched in place. 

OFBBATIONS FOB EXCISION OF FAPIUjOMA, ANGIOMA OB OTHEB NON- 

MAUONANT GBOWTHS 

Simple V-Incision.—See .Figure 49. 

Anesthetic.—Cocain, 1 per cent., or novocain used 2 per cent, for the skin 
and followed by 1 per cent, for the deeper parts. Ether is unnecessary in 
j, ^ adults. The addition of adrenalin is 

\ "i not recommended. The administration 

of G mm. of Magendio’s solution of 
morphin before the operation quiets the 
patient. 

Position.—Shoulders and head ele¬ 
vated and head slightly flexed, resting 
on firm pillow or sand-bag. 

No special instruments are required. 
Technic.—Apply Murphy’s intes¬ 
tinal clamps as near the angle of the 
lower lip as possible (Fig. 51). The 
area to be removed should bo a complete 
section through the lip, consisting of all its layers. The angle made by the 2 
incisions forming the “V” should be as acute as possible, and each incision can 
be easily made with one cut of a sharp scalpel. If the angle is acute and the 
area removed is not greater than a third of the lip, excellent approximation 
without tension can be secured. Incise the lip not absolutely at right angles to 
the skin, but slope the scalpel slightly inward while making each‘incision, in 
order to remove a somewhat larger area of skin than of mucous membrane. 
The hemorrhage from the coronary artery can be controlled by very fine liga¬ 
tures, and care should be taken to include nothing more than the artery in the 
knots.' The slight venous oozing may be neglected. Usually 3 or 4 fine silk- 
worm-gut Sutures passed in at right angles to the skin down to but not through 
the mucous membrane, will suffice to give perfect apposition and stop all oozing. 
Care must be taken to get exact alignment of the 2 points where the vermilion 
border and the skin join. A few silk sutures in the vermilion border may be 
necessary. Doyen recommends the suturing of the mucous membrane first, 
. and then the skin, with all the sutures superficial, and claims that by doing so, 
a stronger and firmer lip is obtained. 
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DOUBLE TEIANQLE METHOD (Fig. 50, A).—The growth is removed by the 
simple V-shaped incision ARC. An area o(pial to the area of the section is 
removed from the check, D E C. The incisions for this should bo marked out 
on the skin and an area of mucous membrane D F G C left to restore the ver¬ 
milion border of the lip as described on page 497. The incisions FE and EG 
go through all the layers of the cheek. Figure 50, R shows the sutures in position 



A B 

Fio. 60.— A, DooniiE TarANaLK Method for Removing Non-malionant Growths op Lower Lip; 
B, Sutures in Position and the Defect Closed. 

and the defect closed, with the mucous membrane turned out, making the new 
vermilion border. 

OPERATIONS FOB EPITHELIOMA OF LOWER LIP 

The operation consists of: First, the entire removal of the growth with at 
least Y> in. of healthy tissue surrounding it on all sides; second, the complete 
removal of the submental and submaxillary lymph glands; and, third, the 
restoration of the lip by one of several methods. 

1. Removai. of Growth 

If the growth is very small indeed, it may be excised with a sufficient amount 
of healthy tissue, by a largo V-.shapcd incision, .but the amount of tissue re¬ 
moved by this incision is not as a general rule sufficient, 'and a quadrilateral 
area gives much more satisfactory results. The excising incisions must be at 
least more than ^2 ii*- away from the growth. 

2. Removal of Glands 

The question as to whether the lymph glands should be removed or not does 
not admit of discussion. The only possible reason for not removing them would 
be the fact that the patient had an inoperable condition. In every case where 
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there is the least hope of a cure the glands must be removed. If this is not 
done, tho operation must be considered a palliative one only, and recurrence 
must be expected. It has many times been shown that mefastases occur ex¬ 
tremely early, and that as soon as the growth, by microscopic examinjition, * 
shows typical epithelioma, the lymph-nodes are by that time involved. 

The question as to when to remove the lymphatics is important. Many sur-'. 
goons recommend that the complete operation, the removal of the growth, the 
removal of the lymph glands, and the restoration of the lip, be done at the 
same time. 

I much prefer to remove tho glands first and to employ a two-stage opera¬ 
tion: First, because it is possible to do an aseptic removal of tlio glands, result¬ 
ing in primary union of the wounds when the mouth has not been entered; 
and, second, because, by dividing the operation, the disadvantages to the wel¬ 
fare and comfort of the patient are minimized. The length of time required 
to do a careful restoration of tho lip is necessarily great, and there is always 
considerable hemorrhage, from which patients frequently show the so-called 
“surgical shock.” Some infection of the lip wound and consequent rise of 
temperature almost always follow the lip operation, which, by themselves, are 
sufficient to affect the welfare of the patient. The longer the anesthetic is given, 
tho greater are the chances for postoperative complications, especially when the 
operative field involves the air passages, and I believe it to be much safer to 
give 2 anesthetics of moderate duration than one excessively long one. 

Im almost all cases it is undoubtedly best to remove the glands first, be¬ 
cause they are thus sure of being removed. It frequently happens that the re¬ 
moval of tho growth and the restoration of the lip satisfy the patients, especially 
hospital patients, and they refuse to accept the second operation; and because 
the restoration of the lip is a long operation and the after-effects of the anes¬ 
thetic are often so prolonged and severe, the patient refuses to take ether again. 

I recommend incisions as shown in Figure 61. All lymph-nodes should be 
removed, also the submaxillary salivary glands. The wounds do well if closed 
with drainage, which can he removed on the third day. For the various meth¬ 
ods, see operations on the neck. 

3. Restoration or the Lip 

^rst Method (Figs. 51, 52).—To insure a symmetrical result it is well to 
mark out with the point of the scalpel on the skin the incisions which it is pro¬ 
posed to make in order to fill the gap. If this is not done before the incisions 
are made, it frequently will be found, toward the end of the operation, that the 
flaps are unequal and have a tendency to drag the lip in either one or the other 
direction. Having marked the cuts, make the convex incision CU, the convexity 
pointing upward and outward. This incision should be made to follow, so as 
to surround, the base of the prominence of the chin, and must penetrate all the 
superficial parts. The blood-vessels, which are numerous, must be caught with 
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Fiu. 51.—UKHT011A.TION OP LowEn Lip (1). 


fine mosquito clamps and the vessels lii^atod with tlio finest possible catgut. 
Then make incision AR in a horizontal direction of a length e<jual to •}4 of the 
space created by the removal of the growth on the lip. This incision should 
extend down to but not through the mucous membrane of tho cheek. When 
this is reached, the scalpel should 
bo turned upward, separating the 
mucous membrane from the sub¬ 
jacent tissues for the distance of 
at Least VL’ Li. Then cut through 
the mucous membrane parallel to 
tho incision AB. This is done in 
order to provide sufficient mucous 
membrane to turn over the raw 
surface of the new lip, and thus 
create a new vermilion border. 

Repeat the same incisions on the 
opposite side of tho face. Caro 
must be taken to stop all hemor¬ 
rhage at this time. By now gently 
approximating the cut surfaces T(} 

and .TC, it can be estimated whether the lateral incisions have been extensive 
enough to enable these 'J surfactes to be aj)proximated without any tension what¬ 
ever. If there is any tension, tho lateral incisions must bo extended. During 
this part of the operation, some type of asjiirating ajiparatus, which enables the 

hl(.)od to ho removed from the 
])harynx, is of great value to 
obviate the need of constant 
sponging, which not only 
does not completely remove 
the blood, but also interferes 
with the operation, irritates 
tho patient’s mucous mem¬ 
brane, and has a tendency to 
increase the possibilities of 
postoperative complications. 

SUTURING.— B e g i n by 
suturing the mucous mem¬ 
brane of one of the lower 
incisions, working on both 
sides toward tho middle line. A medium sized curved needle with fine plain 
gut, using interrupted stitches about Yi in. apart, gives the best results. Caro 
must be taken, as in all plastic work, not to tie the stitches too tight or invert 
the mucous membrane. When these suture lines are complete, one of the flaps 
created by the incisions AB and CD can be gently held with a sponge-holder 
S3 





Fio. 52.—Restokation or Lower Lip (2). 
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FlO. 63.— rRnSTORA-TION OF LoWKR LlP (3). 


and drawn toward the middle line. Fine silkworra-Jit stitehee can now 1« 
introduced, beginning at the outer end of the curved inciaion OD. If the silk¬ 
worm-gut has been previously soaked for some iittle time m warm water it will 
“ • be much easier to handle and 

will adapt itself better to the 
tissues. These stitches should 
include all the thickness of 
the soft parts down to the 
mucous membrane, but must 
not pass tlirough the mucous 
membrane, and must he tied 
so as to just approximate the 
out surfaces. Freipient ap¬ 
plications of pcroxid, fol¬ 
lowed by warm salt solution 
over the raw areas, has been 
found an excellent cleansing 
agent and at the same time 
a mild hemostatic without 
causing much irritation or interfering with the healing. Following the suture 
of the 2 lower lateral incisions, a vertical suture of the mucous membrane 
created by the approximation of IG and JC is now done. Four or 5 fine 
catgut sutures usually suffice. Silkworm sutures 
are then passed, as before, in the middle line, care 
being taken to get exact alignment between the 
junction of the vermilion border and the skin of 
the opposite parts. The excess of mucous mem¬ 
brane created when the incisions AB and EF were 
made, is now drawn forward over the raw surface 
of the new lip and carefully sutured to the skin 
with fine silk. If this step of the operation is 
carefully done, an excellent new vermilion border 
for the new lip will result. 

It will now be found that an excess of tissue 
in the cheek prevents correct approximation of the 
2 upper horizontal incisions. To overcome this, a 
small triangular section consisting of the whole 
thickness of the chee^ can be removed from each 
■side (Fig. 53). 

Morestin’s Method.—Morestin (20) advocates very strongly the excision 
“ultra-total” of the epithelioma (Fig. 54). The area to bo removed is bounded 
by 3 incisions. The first one is curved in shape and passes transversely in front 
of the point of the chin, continuing at the level of the border of the inferior 
maxilla to a point just anterior to the location of the first molar tooth. The 2 



Fig. 54.—Morestin’s Opera¬ 
tion FOR Carcinoma of the 
Lower Lip. Showing incision 
for removal of the growth. 
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others start from the ai%les of the mouth (which are supposedly not involved 
in the growth) and pass downward and outward, joining the extremities of the 
transverse incision. The part thus removed will be of a trapezoid shape, with 
i^the base inferior. 

Morestin uses this procedure because the lesion has a tendency to infiltrate 
the muscular tissues and to travel along the lymphatics which pass with the 
inferior dental nerve, and deplores the removal of the growth by a V-shaped 
incision which does not consider this chance of metastasis. The removal of this 
trapezoid gives the best prognosis and removes the greatest possible amount of 
doubtful tissue. It is, of course, understood that this operation must bo either^ 
preceded or followed by the complete dissection of the lymphatic nodes and 
the submaxillary glands. 

The area to be filled in is apparently enormous, and at first seems to present 
a great many difficulties. J3ut the author does not find these insuperable. lie 
considers the most suitable cheih)phistie operation for closing this defect to be 
that described by Larger (1.‘5), but ho has made several improvements on this 
method. 

For the sake of perfect accuracy he advocates tracing an incision oH the 
skin. He begins by tracing an incision on each check parallel to the edge of the 
section and at a distance of .'i cm. from it, beginning at the lowest point at tho 
level of the teeth of tho inferior maxilla and going in an upward direction to¬ 
ward the nasolabial sulcus and stopping at a point 
within 1 cm. of tho ala of tho nose. From tho 
upper extremity of this incision he starts an¬ 
other, which runs obliquely downward and inward 
toward the border of the lip. This incision 
reaches to but not through tho vermilion border, 
a certain amount of which is preserved, and this 
he detaches by transfixion, cutting outward until 
he meets the angle of the mouth. Thus, a little 
tongue is formed, attached by its inner extremity 
to the upper lip, which is used to restore tho angles 
of the mouth to an “excellent condition”; and this 
he considers tho most delicate part of a total re¬ 
moval of tho lip. 

Figure 55 shows the traces of the incision, in¬ 
cluding that of the little strip of vermilion border 
destined to repair the angle. Great care must bo taken to cut the flaps exactly 
alike and to give them exactly the same length and size, to insure a symmetrical 
new mouth. All the soft parts must be neatly cut following the skin incision, 
and tho 2 flaps kept of the same dimensions throughout. It is hardly necessary 
to use any ligatures. 

Figure 56 shows-on one side the flap drawn aside and on the other side the 
flap fastened in its permanent position. It shows, too, the shape of the areas 



Fio. 56 .—Morehtin’s Opera¬ 
tion Showing Incision tor 
TEE Formation of the Flaps. 
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resulting from the change of position of the flaps and small strip of vermilion 
border detached from the upper lip. 

The flaps are sutured to each other in the middle line by 2 layers of silk 
sutures, the flrst attaching the skin and muscular layer, the second the mucous 

membrane. The stitches, as shown in Eig-ure 57, 
are then inserted. 

When the upper borders of the flaps, which 
now form the free border of the lower lip, appear 
to bo too thick, which sometimes happens, espe¬ 
cially 'near the angles of the mouth, it will be 
necessary to thin them down by exeising sufficient 
* fat, muscular fiber, and gland tissue to accomplish 
the thinning. The two strips of vermilion border 
already described arci fastened to the flap with 
very fine silk. Special, fine silk sutures must be 
used, both on the skin and on the mucous mem¬ 
brane. Morestin finds the result of this operation 

Fig. 66.-Mohk9tin’8 Operation visually favorable. Tho upper lip, which is often 
Showing Flaps Drawn Down. stiff at first, rapidly becomes siipplc. The lower 

lip will sometimes continue to be a little heavy 
and rigid. The defect is only temporary, and at the end of a certain length of 
time will usually adjust itself. If, however, the lip continues too thick, he 
corrects this by some retouches done under local anesthesia, ITsually this is not 
necessary. The mouth is symmetrical, the angles keep theur mobility, and 
the 2 lips approximate each other perfectly, and 
also there is no dribbling of saliva as frequently 
happens in other types of cheiloplasty. 

Horestin’s 0perati9n for Very Extensive Loss of 
Substance of the Two Lips and part of the Cheek. 

—^Half of the upper lip, nearly all of the lower 
lip, a large part of tho right cheek, and nearly all 
the coverings of the chin have boon removed (Eig. 

68). To close this defect, the opposite checik can 
be made use of, if this is soft, and especially if the 
patient is old and has flabby tissues. The cheek 
is transformed into a huge flap, of which the an¬ 
terior part must be pulled to the opposite side as 
far as the posterior limits of the missing area. 

Two long horizontal incisions parallel to each 
other are made, the flrst from the upper part of 
the cheek, grazing the malar bone, the other in the neighborhood of the inferior 
maxilla. These cuts are made down to the masseter muscle. The mueous 
membrane is cut at the bottom of the buco-alveolar junction for its whole 
length. Everything that interferes with the free movement of this flap must 



Fio. 57 .—Morestin’s Operation. 
Sutures in place. 
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bo cut. Even the posterior attachments of the buccinator muscles may be 
vertically cut without hesitation. 

Because of these very extensive fn‘cin_ 2 ,'s, the enormous flap is susceptible 
of considerable olonf;;ation and can be made to pass from one side of the face to 


Fio. .W—Moukstin’s Opera- Fm. 59 .—Morkrtin’h Opera- Fki. 60.—Morbstin’s Opbra- 

TION^ FOR lOxTENBlVE LoHS 'I'lON. .StlOwillK flu)) tlruWR TH)N SHOWINO FlAP SCTtlBB 

OF Substance of the Lips over to oj)i>obitc side. and New Mouth Formed. 

AND Cheek. 

the other. It forms a sort of a veil (opercule) fallinfr in front of the teeth down 
to the chin (Fii>;. .')!)). 'I'lio inferior border is not sntnrnd until later, in order 
to make provision for nourishment. Tlu; suturiiif' is flnished, and after a few 
days a window made which becomes, after the suture of the mucous membrane 
to the skin, a sort of new mouth (Fit;’. <>0). The case chosen here is a very 
e.xtroine one, Imt more often a much slighter de¬ 
formity is pre.sented. 

Dowd’s Operation (Fig. 01).—This operation 
(0) gives e.xcelicnt resnlts and i.s recommended as 
the be-st procedure if the whole operation is to bo 
performed at one time. As the lymph glands and 
snbmaxillary glands are so intimately connected, it 
is always best to rcitiove the sidmiaxillary gland. 

No bad resnlts luivo yet beeii reported by so doing. 

* The incisions GTI and Cl) shoTild bo made first and 
the glands removed before the growth is removed Fio. 6 l.—D owd’s Operation. 

and before tbo incisions involving the mucous mem¬ 
brane arc made, taking care to leave a consi<lerable amount of tissue attached 
to the prominence of the chin. An excellent exposure of the submental and 
snbmaxillary spaces is obtained. If the glandular involvement is extensive, 
the dissection will have to extend laterally as far as the great vessels. The 
ligation of the facial vein is often necessary. If possible, the facial arteries 
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' Fio. 62 .—Jabsche’s Operation. 


should be preserved, although it is reported by Dowd that their ligation does 
not seem to interfere with the vitality of the lip flaps. After the glands are 
removed and the veins ligated, the incisions AC and GF are made and the 
/ growth removed. A space of at least V 2 or, better, 

^ % in. of healthy tissue must exist between the edge 
of the growth and the incision. If the growth is 
near the angle of the mouth, it will be necessary to 
remove some of the tissue of the cheek to accomplish 
this, in which case incisions AB and FE are then 
made, of a length suflicient to allow the easy appo¬ 
sition of the surfaces AC and FG. 

Jaesche’s Modification of Sieffenbach’s Method 
(Fig. 62).—Two horizontal enlarging incisions are 
made at the buccal angles of the mouth, to which are added 2 longitudinal 
incisions at an outward angle. The enlarging incisions at the buccal angles 
are made to exteni^ no deeper than the mucosa, which is dissected off a little 
higher up, corresponding to 
the dotted lines in Figure 
62. This flap of mucosa at 
the buccal angles is utilized 
on each side for supplying 
the vermilion border. A 
flap at only one side may 
suffice to fill the gap if the 
defect is small. 

Syme’s Method (Fig. 

63).—From the apex of the 
triangle, make 2 curved in¬ 
cisions of suflUcient length 

to allow the sides of the triangle to assume a horizontal position without tension, 
when th’e flaps are lifted. The incisions, if made to follow the inferior border 
of the lower jaw, will leave little, if any, scar. 




Fia. 63.— Symk’s Operation. 




Fio. 64.—Estlander’b Operation. 


Estlander’s Method (Fig. 64).—Lateral triangular partial defects of the 
lower lip are very efficiently closed by a flap cut from the upper lip, which is 
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Fia. 65. —S^dillot’s Operation. 


nourished from a bridge of tissue left at the lip margins. This flap is lifted 
and turned into the defect of the lower lip and the wound closed by sutures. 
By taking an analogous flap 
from the lower lip, the 
same method can bo utilized 
for cheiloplastics of the 
upper lip. 

Sfidillot’s Method (Fig. 

6.5).—Two inferior flaps 
are foriped froTn the lateral 
region of the cheek and 
chin, by cutting in a 
straight line from the 
buccal angles downward, 
through the entire thickness 
of the soft parts. Two sec¬ 
ondary parallel incisions 
with connecting incisions 

are then made. The base of the flap or its connecting bridge is situated at the 
angle of the mouth. This method is equally applicable for cheiloplastics of 
the upper lip. 

Malgaigne Method.—See Figure 66. 



jO-.. 



Fio. 66. —Maloaiqne’s Operatton. 


PLASTIC SURGERY OP THE UPPER LIP 

Aside from harelip operations, plastic procedures upon the upper lip are 
much more rarely required than on the lower lip. Small defects of the upper 

lip can be readily repaired by freshening the edges 
and drawing together the skin and deeper parts 
by properly applied sutures, as shown in Figure 
67. 

Largo defects may bo repaired by the double 
curved incisions of Dieffenbach (Fig. 68). This 
operation consists of 2 incisions on each side. 
Tho first begins at the apex of the defect 
and follows completely around the ala of 
the nose. At the upper end of this incision 
the other one begins and in an inverse curve 
reaches toward the cheek as far as is necessary to allow the flap to fill the 
defect. 

For the complete restoration of the upper lip, the method of Sedillot by 
vertical flaps (Fig. 69) or that of Szymanowski by lateral flaps (Fig. 70) is 
recommended. 



Flo. 67. —Method op Repair 
OP Small Defect in Upper 
Lip bt Fresbenino the Eooes 
AND Suture. 
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“The incision should involve the skin only, and vary from three-fourths to one- 
half an inch from the outer border. 

“At once, the blood will ooze from the line of incision. The operator now presses 
the car backward on the bare skin of the head, leaving an imprint of the bleeding line 
on the skin there. 

“A second incision is made along this line, giving the total outlining incision a 
heart-shaped form, as shown in Figure 75. 

“The skin within this area is now dissected up quickly. . . . The wound 




Fios. 75-70.— Kolle’s Opbiiation for Malposition of Auricle. Shaded area shows amount of 

cartilage to be removed. 


.should bo large enough to over-correct, the fault, or the ear springs out more or less 
when healed. 

“Sutures are now introduced. When necessary, one or two catgut sutures are 
taken through the concha—not going through the anterior skin, however—and the 
deeper tissue back of the ear and tied. These hold the cartilage in place.” 


Before the skin is sutured, if the ear has the least tendency to spring back 
into its former position, a piece of cartilage must be removed, elliptical in shape, 
as shown in Figure 70. In doing this, care mtist be taken not to buttonhole 
the skin on the anterior side of the ear. 

Interrupted suttires of very fine chromic gut are then passed, approximating 
the cut edges of the cartilage, after which the skin edges are closed by fine silk 
or chromic gut stitches. As the result of removing the section of cartilage, 
a ridge of skin will be formed on the front of the ear. This will often 
contract and disappear in the course of time, but in case it should persist, 
it is a very. simple matter to excise this small defect by a secondary 
operation. 
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PLASTIC SURGERY OF THE CHEEKS: MELOPLASTY 

For the replacement of a loss of substance of the cheek, a large number of 
plastic procedures have been suggested, from simple approximation with suture 
of the very flexible wound margins in minor injuries, to the formation of pe¬ 
dunculated flaps from the frontal, temporal, maxillary, or mental regions for 
the correction of more serious defects. Skin transplantations arc sutfleient for 
the closure of superficial defects limited to the external skin. 

The replacement of the check is a surgical problem of less simplicity than 
one might imagine, and still awaits an entirely satisfactory solution. The so- 

called anaplastic Indian or Italian methods, which 
utilize 2 single flaps or 1 double flap, are both com¬ 
plicated and unreliable. Numerous procedures 
have been rocommended which are not free frotn 
disadvantages, such as the insuificieut nutrition and 
low vitality of a flap which is nourislicd only by 
means of a connective tissue pedicle. This is also 
true of tho methods of Gersnny, Kraske, and 
Thiersch, which, however, have the advantage of 
causing only slight surgical injuries. Imperfect 
nutrition of a flap exposed to infectious processes 
through tho inevitablo presence of bacteria leads 
almost invariably to negative results, and for this 
reason failures have been known to follow the 
methods of Czerny, Israel, JIahn, and Ombredaiine, 
whose operations, moreover, yield rather imperfect cosmetic results because 
■ df the unnecessarily large and hypertrophic flaps. Other procedures, like 
those of Bardenheuer, Schimmelbuscb, IMonod, and Vanvert, while more reli¬ 
able, involve very considerable surgical damage and leave a largo amount of 
scar tissue about the face and neck. It is an additional drawback that in 
several of these methods hairy skin flaps aro made to take tho place of mucous 
membranes. 

Careful attention must be given in all cases of mcloplastics to the avoidance 
of distortion of the lower eyelid and the upper lip. 

The operator has at his disposal a variety of plastic procedures which 
utilize the external skin for the covering of extensive penetrating defects of 
the cheek for the replacement of tho mucosa, as well as of the outer skin 
covering. 

Israel’s Operation. —A relatively simple and convenient method of melo- 
plastics is that recommended by Israel (10). In the first step of the operation 
the mucosa is replaced by a very long pedunculated flap, which is taken from 
the neck, reaching from the front of the car in tho maxillary angle as far down 
as the clavicle, if necessary (Fig. 77). This is turned with tho skin surface 



Pio. 77.— Israel’s Operation 
(1). Position and shape of flap. 
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inward and allowed to heal in the gap (Fig. 78). The neck wound is drawn 
together as shown. 

In the second step of the operation, which takes place at the end of from 14 
to 17 days, the pedicle is cut through and turned ou itself over the raw surface 
of tho hcaled-in flap with the skin side now out, where, after thoroughly scrap¬ 
ing off the granulations which have formed on tho exposed raw surface, it is 
sutured in place with drainage (Fig. 79) and forms 
the new cutaneous surface of the check. 

One of the chief advantages of Israel’s method 
of meloplastios lies in the simplified after-treat¬ 
ment; tho patient is not obliged to hold his head in 
a fixed or inconvenient position for any length of 
time, as is inevitable in the metbods of Halm and 
Hacker, where the flap is formed from the skin of 
tho chest. 

Hahn’s Operation.—In irabn’s procedure, the 
flap is formed from the skin of the chest, the base 
beginning at tho clavicle, and its end lying near the 
nipple. The nutrition of the flap is tho weak point 
in this method. 

Hacker’s Operation.—Tho chief advantage of the 
procedure used by Hacker lies in the favorable blood supply of the flap formed 
as ho recommends (7). A flap is taken from the skin of the chest, having its 
pedicle and base at the sternal margin and running parallel with the ribs 
toward tho shoulder (Fig. 81). This method is specially indicated in cases 

requiring secoiidai*y plastic operations, owing 
citluir to the partial failure of the first meloplastic 
or to the necessity for another excision of tissues 
in recurrent malignant growths of the surround¬ 
ings. The position of the head is necessarily awk¬ 
ward for the first fortnight, but it is extremely 
important to avoid displacement or traction upon 
tho flap because of the danger of marginal necrosis. 
Tho fixation of the head may be accomplished in 
several ways, which may bo left to the ingenuity 
of the operator. Hacker cautions against over¬ 
constriction of the thorax by the fixation bandages, 
especially in aged patients. 

Lexer’s Method.—The use of a temporofrental 
flap is given the preference by Lexer (16). For 
the substitution of tho beard, a strip of the hairy 
scalp is included in tho portion of the flap which comes to lie on the outside of 
the cheek. 

Lerda’s Method. —Lerda’s method is a new procedure for the substitution 



Fio. 79.—Israel’s Operation (3). 
Second staRC. Pedicle cut and 
flap turned on itself and sutured 
with drainage. 



Fig. 78.— Israel’s Operation 
(2). Flap turned and sutured 
into gap. 
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Fio. 80 .—Israel's Operation (4). Trans¬ 
verse section of Figure 70. 


of the cheeks, and has been recently published by him (15). It offers the fol¬ 
lowing advantages: (1) It is practically devoid of danger, (2) It can bo 
performed in 2 or 3 stages, under simple local anesthesia. (3) The flaps are 

highly vascularized and, therefore, extreme¬ 
ly viable. These flaps, by virtue of their 
constitution, meet all the requirements es¬ 
pecially well, as their mucous lining is per¬ 
fectly adapted to their physiological func¬ 
tion, while from the cosmetic point of view 
the skin of the lip resembles that of the 
cheek more closely than any other. The 
extent of the operation is governed by the 
existing loss of substance. The procedure 
may be advantageously used in combination with other flaps in those cases 
where a more extensive operation is necessary. 

This new method was successfully employed in a case of cancer of the left cheek 
of a man 62 years of age and requiring the ablation of the entire cheek. Under 
infiltration anesthesia (40 gr. novocain, solution 1: 200), the tumor, which involved the 
entire cheek, was excised about 2 cm. beyond its 
margins, thus ablating the entire cheek, from the 
malar bone to the lower margin of the inferior 
maxilla, and from the end of the lip to the an¬ 
terior bundles of the massetcr muscles, which 
were also excised (Fig. 82). In the middle of the 
posterior margin of the surgical gap the stump pf 
Steno’s duct was found and was at once stitched 
with 2 sutures to the margin of the mucosa of 
the ablated geniomandibular sinus. At the lower 
margin of the gap the skin under the submaxil¬ 
lary space was mobilized for the removal of the 
infiltrated lymph nodules. This completed the 
first part of the operation, and it was now neces¬ 
sary to replace the extensive loss of substance 
which exposed the 2 left dental arches beginning 
with the canines. Two flaps, derived from both 
lips, were extensively and sufficiently mobilized 

for the plastic substitution of the defect. To make this possible, 2 horizontal in¬ 
cisions were applied at the level of the duplication of the mucosa of the labio- 
alveolar sinus. The lips were then severed in their entire thickness, the incisions 
beginning at the operative gap and extending through the right check until close 
to the anterior margin of the right massetcr muscle. This served to mobilize a 
flap with a mucous lining, derived from the lips and the corresponding segment of 
the right cheek. By means of gentle traction, the free ends of the labial stumps 
could be placed in contact with the excised mucosa of the geniomandibular sinus md 
the corresponding skin of the left masseteric region. The labial mucosa was then 
sutured to the alveolar mucosa with paramucous sutures, and the labial skin was 
stitched with silk sutures to the skin margins of the gap in the cheek. The mouth 
opening thus came to lie entirely on the left side, with the right buccal angle at the 
middle line, the labial margins lying across the left side of the face, showing the left 
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dental ardies through the rather drawn and distorted mouth cleft (Figs. 83 and 84). 
The new left buceal angle came to lie-at the anterior margin of the left masseter, at 
the point where the stump of the ablated Steno’s duct had been implanted. The 
sutures were removed on the eighth day. With the exception of the left buccal angle, 
where some sutures had given way on account of the flow of saliva, the entire wound 
. had healed by first intention. The sec¬ 
ond and third step of the operation, for 
the reestablishment of the mouth open¬ 
ing in the middle line, were postponed 
until the wound had completely healed. 

These 2 simple supplementary opera¬ 
tions wore performed under local anes¬ 
thesia at intervals of several (Jays, the 
first consisting in an incision through 
the entire thickness of the right cheek, 
about 3 cm. in length, beginning at the 
right buccal angle. The mucosa was 
Fio. 82.—Lerda's Op- stitched to the skin, and the red lip j'jq_ 53— Lbhda’s Op¬ 
eration (1). margin was reestablished. At the third eration (2). 

operation, the lip margin was freshened, 

thus removing the vermilion border, and incisions were made freeing the mucosa in 
both the upper and lower lips, reaching from the left buccal angle to approximately 
3 cm. to the left of the middle line. Paramucous and cutaneous sutures were applied, 
reestablishing a new cheek through the connection of the 2 labial strips (Fig. 86). 
Healing proved again most difficult in the region of the left buccal angle, where a 
small fistula, due to the flow of saliva, persisted for some time. Two months after the 
first intervention, the patient was free from any pronounced or disfiguring cicatrix. 
The loft cheek was covered with hairy skin, the buccal opening was of normal size and 
functionated well. The dental arches can be separated by IV^ cm. in the middle line 

without difficulty. The opening angle of the jaws is increasing daily in consequence 

of the gradual mechanical dilatation. 




Hotchkiss’s Operation (9).—This is an excellent method for an extensive 
defect, and has given most satisfactory results in the hands of several operators. 

In the case described by the 
'X author (Fig. 8G) the defect, 

\ bounded by the upper horizontal ^ 

Wm. line and the dotted curved line, 

^ \ was the result of the excision of ji 

extensive infiltrating carci- \ ; fy 

j noma, which necessitated the re- 1 

'**' *1 moval of a part of the inferior 
maxilla. The operation can be 
X divided into five steps: First, a 

Fid. 84.—Lbrda’b Opera- i • • • 1 jr Fia. 85.—Lerda’s Op¬ 
tion (3). vertical incision was made from ( 4 ^ 

the posterior end of the horizontal 

line, which formed the inferior boundary of the defect, through the superficial 
parts, of a length somewhat greater than the total height of the defect. Second, 
from the inferior end of this last incision a horizontal incision was made of a 


Fia. 85. —Lerda’s Op¬ 
eration (4). 
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length about equal to tho width of the defect. Third, another vertical incision, 
beginning from tho anterior end of this last incision, was made, extending al¬ 
most down to the clavicle. Fourth, the flap formed by these incisions was raised. 



Fio. 86.— Hotchkiss’s Opera- Fig. 87.— Hotchkiss’s Opera- Fig. 88. — Hotchkiss’s Opera¬ 
tion (1). Showing amount tion (2). Showing flap lift- tion (S). Showing flap ro¬ 
of defect and incisions. ed and turned outward, giv- tated and sutured into place. 


ing exposure of deep struc¬ 
ture of neck. 


with the platysma muscle, and turned in an outward and anterior direction, 
exposing the lymphatic and salivary glands of the neck, which were removed 
(Fig. 87). Fifth, tho flap was then rotated upward into the defect and closed 

with through drainage as shown 
in Figure 88. 

Gersuny’s Modification of 
Kraske’s Method. —This method has 
c^) given e.\celleiit results and is to he 
^ / rceonm)(aided. The failures which 

, / A. have occurred have been due to inter- 

\ X ference with the nutrition of the flap, 

cither beeau.se the iiediele was too 
\ 7 small or because the blood supply was 

1 if shut off when tho flap was turned 

I iPv. / 1 I hack upon itself. 

/ ^ step, after having 

freshened the edges of the defect, 

/ is to outline, on the lower part of 

Fio. 89.—Kbaske-Gersuny Operation (I). Show- the cheek of tho same side, an area 
ing edges of defect fastener and incision for for- i • i . i i . i . i i x 

mation of flap made. slightly larger than tho defect to 

he filled (Fig. 89). Second, the 

flkin and subcutaneous tissue are incised around the projected flap down to the 

muscle. The flap is then lifted from tlio subjacent tissues, leaving, however, 

a bridge of tissue of the anterior upper edge of the flap to serve as a hinge. 


Fio. 89.—Kbaske-Gersuny Operation (I). Show¬ 
ing edges of defect fastener and incision for for¬ 
mation of flap mode. 
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Third, the flap is turned in an upward and outward direction, hinging on 
the bridge of tissue and placed in the gap, the skin taking the place of the 
missing mucous membrane (Fig. 90). 

Fourth, the flap is sutured into place, inserting first the sutures shown in 



Fio. 90.—KnAsKE-GEnsnNY Operation 
(2). ShowinK flap turned into the 
defent by hinsing at the upper and 
anterior end. 



Fio. 91 .—Krarke-Gersuny Opera¬ 
tion (3). Showing flap in position 
and fir.st suture inserted. 


Figure 91. Ihe skin is closed over the raw surface as much as possible, and 
the wound is drained with rubber tissue. 

Esmarch-Koleralzig Operation.—This operation consists of 2 large flaps (Fig. 
92, A) thoroughly freed, which are drawn toward eatdt other and sutured as 
shown in Figure 92, B. 

As no provision has been made in this operation for an epithelium lining 



Fio. 92.—Esmarch-Kolbualzio Operation. 


to the inner side of the flaps, the results of the operation are generally faulty. 
Mueh contraction of the scar soon follows, accompanied by deformity of the 
mouth. 


AUTOPLASTICS OF THE CHEEK REGION 

Onssenbaner’s Operation for Cicatricial Majullary Occlusion (22).—This pro¬ 
cedure consists in the division of the cheek and the implantation of double 
flaps into the defect, and is only feasible when a sufficient amount of healthy 
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skin is available. In the case of the deformity of a 7-year-old boy, a flap 
measuring 4 cm. anteriorly and 6 cm.' posteriorly was formed from the skin of 
each cheek. These flaps were dissected free as far as the masseteric margin, 
where they retained their pedicles. The subcutaneous soft parts of the cheek 
and the cicatrices of the old wounds (the results of ulcerative stomatitis) were 
likewise divided transversely as far as the masseteric margin. On each side the 
dissected skin flap was doubled over into this defect in such a way that its 
anterior wound margin was united by suture with the preserved mucosa behind 
the masseter, with its external epithelial surface turned toward the buccal cav¬ 
ity. At the end of 4 weeks the healed skin flap was cut through on each side at 
its pedicle and the posterior portion of the flap was detached toward the front 
and turned to the persisting anterior portion of the defect, so that the epithelial 
side of the entire flap now came to lie toward the buccal cavity. In stitching 
in the flap, the margin of the cheek cleft at the upper and lower jaw was utilized 
as a substitute for the gums. Finally, the external defect in the cheek was 
covered by a rectangular skin flap from the region of the lower submaxillary 
margin having its base above and behind. The result of the plastic operation 
was excellent. 

Plastic operations on the face are sometimes necessary for the correction of 
^Jisfigurements due to injury of the facial nerve received at the time of radical 
operations for middle car disease. The cosmetic results of anastomosis be¬ 
tween the facial nerve and the hypoglossal or the accessory nerve are unreliable 
and imperfect. The patient may gain control over a few of the muscle groups 
of the face, but not without associated movements of the shoulder or the tongue. 
These failures led Lexer to evolve his method of muscle plastics (19). 

The procedure permits the partial substitution of the paralyzed areas by 
muscle plastics: areas taken from parts which are not supplied by the facial 
nerve. 

Nordmann, as the result of favorable experiences with 3 cases of lagophthal¬ 
mos and facial paralysis urgently advocates, instead of nerve anastomosis. 
Lexer’s simple method, which is certain to yield positive results (18). In 
cases of incomplete palpebral closure of the eye on the paralyzed side (lag¬ 
ophthalmos), Nordmann recommends severing a bundle from the temporal 
muscle and implanting it in the lateral ocular angle. The patient is carefully 
instructed to practice the contraction of the temporal muscle. Although the 
palpebral closure may be perfect, a drooping buccal angle may still require at¬ 
tention. To lift the drooping mouth and control the salivary flow, and to 
enable the patient to hold his food, muscle plastics from the masseter may be 
employed. An incision is made in the nasolabial fold and part of the masseter 
is fixed to the buccal angle. 

The secondary epidermization of freshened pedunculated flaps, which have 
been turned into the buccal cavity for the substitution of cheek defects, was 
r^ntly investigated by Lefevre (14) in experimentation upon dogs. ’ The 
dissemination of small bits .of mucous membrane over the raw surfaces, in the 
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sense of the old Reverdin technic, gave excellent results. The epidermization 
was found to proceed very rapidly and to be favored by the absence of tension 
in the flap. It was also favored by having had, when the flap was transplanted, 
a good control of the hemorrhage and accurate approximation by suture of the 
mucous margins to the wound surface of the flap. The new-formed epithelium 
proved sufiiciently thick and resistant, although the new cheek was less flexible 
and not contractile. 

Chavannez obtained excellent results on the human subject by this pro¬ 
cedure. 

Hydrocarbon Frotheses.—The subcutaneous use of paraffin or vaselin, which 
solidify at the body temperature, was described by Gersuny in 1900. The 
method consists in warming a given prtiparation-of paraffin so that it can bo 
forced, by means of a suitable syringe, through the lumen of a hypodermic 
needle into the tissues, where, on cooling, it will solidify and remain per¬ 
manently without irritation. This method is used only in the cosmetic correc¬ 
tions of deformities on the surface of the body. 

The dangers to be guarded against arc many: First, infection. Unless the most 
perfect asepsis is maintained, a marked redness of the skin and irritation of the tis¬ 
sues surrounding the injected mass arc apt to result, which may even progress to 
abscess formation and destruction of tissue by necrosis. Second, necrosis of the tis¬ 
sue due to the pressure of the injected mass on the neighboring blood vessels. Third, 
embolism, of either air or paraffin, which is usually due to the accidental insertion of 
the point of the injection needle into a vein. Fourth, sloughing of the tissues due to 
the excessive heat of the injected mass. Fifth, over-correction of the deformity by 
the injection of too much of the mass at one time, which is a serious danger on ac¬ 
count of the very great difficulty of removing the solidified paraffin after it has once 
been injected into the tissues. Kollc (11) gives 4 additional dangers to be avoided: 
“Secondary infusion of the injected mass. Hyperplasia of the connective tissue fol¬ 
lowing the organization of the injected matter. A yellow appearance and thickening 
of the skin after organization of the injected mass. The breaking down of tissue and 
the resulting abscess duo to the pressure of the injected mass upon the adjacent tissue 
after the injection has become organized.” 

SYRINGES. —A special syringe is made for this purpose, the essential points 
of which are: First, great strength; second, a screw on the piston, enabling 
the operator to force a measured quantity of the semi-solid mass slowly out into 
the tissues; third, the ability to resist the heat, of sterilization; fourth, the 
lumen, large in proportion to the size of the needle. 

PARAFFIN. —The paraffin or mass is prepared by mixing together paraffin 
and white vaselin, usually in the proportion of drams to ounces, and by melt¬ 
ing them together over a water bath and thoroughly mixing them with a glass 
rod. It is most important to know the melting point of the mass. If too low, 
it will not be sufficiently firm at the body temperature after injection; if too 
high, there is the danger, already described, from excessive heat. The desired 
melting point has been found to be between 105° and 110° F., no higher. A 
simple method, described by Guernsey, of testing the melting point of the 
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resulting mixture is to coat the bulb of a thermometer with some o e mass 
while in the liquid state. This is allowed to cool, thus forming into a film over 
the bulb. Tho thermometer is then placed in a water bath and the temperature 
of the water slowly raised until the film is melted from the bulb and floats on 
the surface of the water. The heat of the bath is then slowly reduced. As 
soon as the floating particles of the mixture begin to become opaque, the tempera¬ 
ture of the bath is taken, which is the melting point of the mixture. 

By using a mixture of such a low melting point the mass can be forced into 
tho tissues in a semi-solid form, thus avoiding the dangers of excessive heat 
and fluid injection. This is the so-called method of “cold injection” and has 
many advantages and fewer dangers than the use of a mass with a higher 
melting point and a more liquid form. 

TECHNIC.— Tn using this method of protheses, the following technical 
points must be carefully observed: First, thorough cleanliness of all instru¬ 
ments, of the paraffin, and of the patient’s and doctor’s skin. Second, thorough 
sterilization of the mass by heat shortly before its use. The mass should bo 
poured into the injecting syringe while still in a very fluid condition and then 
allowed to solidify slowly. If this is not done, it is almost impossible to avoid 
the introduction of air bubbles beneath the patient’s skin when the mass is 
forced out of the svringe. 

Third, no anesthetic need be msed. The only discomfort to the patient is 
the slight pain caused by the prick of the needle. The use of coeain has a 
tendency to infiltrate the parts and distort the contours, thus making the mould¬ 
ing of the injected mass more difficult and more uncertain than necessary. Tho 
use of the ethyl chlorid spray tends to cool the tissues to such an extent that tho 
solidification of the injected mass is dangerously hastened. 

Fourth, the mass must bo injected slowly and in small quantities and 
moulded into the desired shape at once. Great care must be taken never to 
inject too much, for it is always possible to add to the mass by a second opera¬ 
tion. Always under-correct the deformity. 

Fifth, care must be taken that the mass is not emerging from the point of 
the needle when it is withdrawn from the tissues. This may be avoided either 
by withdrawing the piston slightly or by waiting long enough after tho inject¬ 
ing pressure has ceased to be sure that none is flowing. 

Sixth, when the area to be injected is douse or covered by thick skin, firmly 
bound down, subcutaneous freeing incisions should be made (under novocain) 
with a fine-bladed tenotomy knife. If this has to be done, it is safer to defer 
the injection for 3 or 4 days. 

AFTER-TREATMENT.— The after-treatment consists in a simple collodion 
dressing over the puncture wound. If the area injected is painful, the applica¬ 
tion of cold during the 24 hours following gives much relief. 
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PLASTIC SURGERY OP THE EYELIDS: BLEPHAROPLASTY 

For plastic surgery of the eyelids, two important principles must be ob¬ 
served. First, the necessity of determining at once whether the outer skin 
alone is destroyed, or whether the conjunctiva and the tarsus are also involved. 
Second, when anything more than the outer skin is destroyed, a flap with a 
suitable lining must be provided. 

Operations on the lid are delicate and present many difficulties. A simple 
skin flap is inadequate for a condition where more than the skin is de¬ 
stroyed. Without a lining, a flap gives distressing results; it adheres to the 
eyeball which it very imperfectly covers, and its edge becomes inverted and 
very irritating because of the fine hairs and the scar tissue. The extreme 
sensitiveness of the conjunctiva of the eyeball makes it difficult to find a 
suitable lining for the flap to substitute the missing conjunctiva, and 
much trouble has been taken and many experiments made to find a proper 
material. The mucous membrane and conjunctiva of animals have been 
tried, as well as small pieces of human prepuce, and mucous membrane 
from the lips, vagina, and rectum (17). 

ECfTBOPION 

Ectropion or eversion of the lids may be due: First, to cicatricial formation 
following burns, the removal of growths, or other injuries of the skin; second, 
to some nei’ve injury resulting in the paralysis of the orbicular muscles; third, 
to some abnormal condi¬ 
tion of the mucous mem¬ 
brane of the eye itself, 
such as chronic inflamma¬ 
tory conditions or new 
growths. The first type is 
the one that surgery is 
most commonly called 
upon to correct and the 
following operation is 
recommended: 

Operation for Ectropion 
of Lower Lid; Dieffenbach’s 
Method.—^A V-shaped in¬ 
cision is made through the skin and subcutaneous tissue as shown in Figure 
93A. The flap, with all the subcutaneous tissue possible, is dissected from the 
muscle layer, as far up as the tarsal border, relieving all tension upon it. It is 
then sutured as shown in Figure 93B. If the eversion has been extreme, it will 
be found after healing is completed that the amount of tissue in the lower lid is 
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excessive, making the lower lid considerably wider than the upper lid, which is 
especially marked when the eye is closed. To remedy this defect, 1 or 2 small 

inverted triangles may ho removed from each side of 
the lid, thus taking np the slack (Fig. 93B, XY). 

EESTOKATION OF THE EYELID 

There are three general methods of restoring the 
A eyelid to he considered: 




1. The glid ing dap method, which includes the 
methods of Cihson, DioflFenbach, and Tlasner. 

u ' ' 

2. The pednncnlated dap method, illustrated by 
the V. Langenbeck operation. 

3. The free graft implantation or Wolf method. 
1. The Gliding Flap Method of Restoration of the 

Lower Lid.— gjbson ’S op k rat ion by a preokaftkd 



?’LAP.—This operation (G) is divided into 2 stages, 
separated by an interval of about 10 days. At the 
first stage the dap is prepared; at the second, the 
deformity is removed and replaced by the dap. 

At the first operation an incision is made through 
the whole thickness of the skin from the external 
canthus in an outward and slightly upward direc¬ 
tion. The length of this incision is determined by 
the amount of eyelid it is proposed to remove. (For 
an operation involving the external half of the lower 
lid, make an incision V-)\ in. long.) By dissecting 
downward from this inci.sion and lifting the skin 
from the deeper parts, a pouch is formed, having the 
outline of the propo.sed dap (Fig. 94A). Into this 


pouch is slipped a skin graft, previously prepared, 
the raw surface of whhdi is turned anteriorly (Fig. 
94B). This graft is cut sufficiently largo to project 
slightly from the pocket, and is turned outward and 
downward, covering the inferior raw edge of the 
original incision with epithelium. A simple dress¬ 
ing is applied and the graft allowed to heal in place, 

Fio.94.-Gib80n’8 Operation 10 days. 

BY A Preorajted Flap ON At the sccond operation the growth on the eyelid 
Restoration or Lower • n i., ,... Z -~. 

Lid. (Annals of Surgery. ) removed by a quadrilateral incision (Fig. 

94C). The cut, as shown in Figure 94D, is then 
made of the same length and parallel to the original incision, thus forming a 
flap which can now,' by gentle traction, be made to slide over toward the middle 
line, where it is sutured as shown in Figure 94E. 
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There are two great advantages to this method: The first being that an 
epithelial lining is given to the posterior surface of the flap, thus avoiding most 
of the disadvantages of other methods; and, second, that there is slight, if any, 
postoperative contraction of the flap, which obviates the- necessity of planning 
a flap larger than the defect to he filled. 

DIEFFENBACH’8 METHOD (I ig. Of)). —This method provides no lining for 
tho flap. The area to he 
filled is represented by the 
triangle A, E, and C. An 
incision is made starting 
from the outer canthus in 
an outward and slightly 
upward direction, Cl), in 
length somewhat greater 
than the width of tho gap 
to be filled between A and 
C. Another incision is 

made parallel to the first, from the apex of the triangle EE. The flap so out¬ 
lined, including the skin and subcutaneous tissue, is dissected from the sub- 
^ jacent muscle and drawn 

y(,mm 

’HASNEE’S METHOD.— 
Ilasner’s inethcxl is espe¬ 
cially valuable when the 
defect is so large as to 
have involved tho outer 
canthus and a part of both 
lids. Line AEC (Fig. 9ti) defines the limit of the defect, A. Curved incisions 
CD and EE are made, and the 11 ap formed by incisions DC and CE is made 


Fio. 95. —Dieffenbach's Method of Uestohation op 
Lower Lid. 




toward the middle line 
where it is sutured as 
shown in Figure O.'iE. 


Fio. 96. —Hasner’s Method of Restoration of Canthus. 



Fjo. 97. —V. Lanobnbeck’s Method of Restoration op Bower Bid. 
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outward and slightly downward. Gliding the lower flap formed by incisions 
AB and BE inward and slightly upward, it is possible to restore the canthus 
as shown in Eigiire 96B. 

2. The Pedunculated Flap Method. — V. LANGENBECK’S METHOD (Fig. 97). 
—The area to be replaced is represented by the dotted lines. A vertical in¬ 
cision AB is made about I /4 in. longer than area to be filled in. A curved 
incision BC is then made and the flap is lifted and rotated upward and inward, 
on the pedicle of tissue existing between AC, until it assumes the position 
shown in Figure B. It is then sutured as shown in Figure C. 

3. The Free Graft Implantation or Wolf Method. —To make it possible to 
use this method, there must be a suffieient amount of lid left to act as a bed for 
the graft, and this bed must be covered by healthy granulation. The shape and 
size of the defect are carefully noted, and from the skin on the inner surface 
of the arm a piece of skin is removed of a similar shape and about a third 
larger in size. This is placed over the defect and is carefully sutured in place. 
To remove all the subcutaueous fat from the graft seenus to increase the chances 
of its taking. 

The strictest asepsis is most essential to success in this procedure. 


SKIN-QRAFTING 

Alexanoku Buyan Johnson 

Instruments. —The instruments reejuired in skin-grafting are: 

1 . A large, heavy, flat razor with a broad blade, or a special knife with a 
fixed handle in line with the blade and of such proportions as the surgeon may 
elect. The razor or knife must have a keen cutting edge to make thin grafts of 
uniform thickness. 

2. A scalpel. 

3. 2 or more silver probes 8 in. long. 

4. McBurney’s hooks. 

5. Straight scissors. 

6 . A sharp curct. 

7. Sterile rubber tissue in strips 1 to lYj in. wide and 6 to 8 in. long. 

8 . Sterile salt solution in quantity. 

Preparation of Surface from Which Grafts Are to Be Cut. —For reasons not en¬ 
tirely clear, grafts taken from another individual, even a brother or sister, 
rarely do well, and never as well as those taken from the patient himself. It 
must be from some cause similar to that which produces hemolysis when blood 
from 2 individuals is mixed. 

The skin of the anterior, outer and inner surfaeoH of the thighs is commonly 
used for cutting the grafts. I have never tried the iodin preparation of the skin 
for grafting purposes. 
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Usually tho skin is .prepared the day before by careful scrubbing with green 
soap and water, shaving and thorough douching with sterile salt solution. The 
limb is then enveloped in a dry sterile dressing which is removed before opera¬ 
tion. 

Preparation of Surface to Be Grafted. —The raw surface to which the grafts 
are to be applied may be a recent wound—as in grafting after amputation of 
the breast for cancer—to which, if desired, the grafts may be applied at once, 
a granulating raw surface, soft parts, or bone. 

The cleaner and more healthy the granulating surface the better and the 
greater the likelihood that grafts will unite with the surface beneath and live. 
Grafts may be applied directly to the raw surface, or the granulations may bo 
removed by gentle curetting. Jlleeding must be stopped by firm pressure with 
gauze pads before tho grafts are applied. 

Technic. —The patient, under a general anesthetic, is so placed upon 
the operating table as to expose the surface to be grafted and the thigh from 
which the grafts are to be cut. Antiseptics are not used. Soap and water 
followed by liberal douching with salt solution suffice for both raw surface and 
skin. 

The wound, if fresh or if curetted, must be free from blood, as a clot beneath 
a graft will prevent its union with the raw surface. 

The first graft is cut from the upper part of tho front of the thigh. Tho skin 
is lightly scored with the knife in 2 vertical parallel lines, separated by an inter¬ 
val equal to the width of the hooks and 5 or C in. long, this being about the 
practicable limit of length in graft cutting. 

Tho hooks are then caught firmly into tho skin above and below. Tho upper 
hook is given to an assistant, while the operator holds the lower in his left hand 
while ho cuts the graft from above downward with his right. During tho cut¬ 
ting, the hooks are used to stretch the .skin and to raise it a little above its 
natural level. Thus an elevated ridge is made, bordered by the slight cuts in 
the skin on either side, which determine the width of the graft. During the 
cutting, the blade of the razor and the skin are kept wet with salt solution by 
an assistant who allows it to dribble from wet pads of gauze. 

Tho angle of the razor blade to the'skin must be slight. It must be held 
firmly against the surface and gradually advanced with a sawing motion. ' 
When the lower limit of the graft is reached, it may be severed with the razor 
or with a scissors. The blade and the graft, curled up on it, are then brought 
over the raw surface to be covered and the graft is slid off tho blade with a 
probe. Two probes are used to spread it evenly. The graft should overlap the 
skin edge of tho wound slightly. Other grafts are then cut until tho raw sur¬ 
face is covered. Any blood which may collect beneath the grafts is carefully 
pressed out with wet pads of gauze, and tho whole area is then covered with 
strips of rubber tissue wet in salt solution, after which a firm dressing of dry 
sterile gauze is applied. 

The dressing may be left in place 5 days or even longer. If the grafting is 
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completely successful, the entire surface may be healed at the end of 10 days 
and left with a light dressing of boric ointment for a few days more. 

The dressing of the area from which the grafts were taken is important. It 
may be dressed in the same way as the grafted surface or it may be dressed with 
a covering of sterile silver foil and left exposed to the air under a cradle. I 
prefer the former method. 

Other methods of dressing the grafted surface are ( 1 ) exposure to the air 
under a cradle-covered, with gauze to keep out flies; ( 2 ) covering the grafted 
area with strips of sterile zinc oxid plaster (Vosburgh). 

Other Methods of Skin-grafting. —The old method of Reverdin, useful to 
hasten the healing of raw surfaces, consists in sniping minute bits of cuticle 
from any sound skin surface and applying them to the surface to be covered with 
epitheliunr. Rubber tissue may be used as a protective covering. 

A method devised by Dr. John M. Woodbury and used by him and others, 
with good results, in the Roosevelt Hospital Outpatient Department, where he 
and I worked together so many years ago that I do not wish to calculate how 
long, was to use the parings of corns from the patient’s feet for the grafting of 
chronic ulcers of the leg. [Many intractable chronic ulcers were completely 
healed in this way. Careful strapping with diachylon plaster aided the heal¬ 
ing process. 

The Wolf method of using the entire thickness of the skin as a graft and 
grafting mucous membrane arc sufficiently described in an earlier section of this 
chapter. 
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OPERATIONS ON THE PElUPllERAL AND CRANIAL NERVES. 

UNILATERAL LAMINECTOMY 

Alfred S. Taylor 

OPERATIONS ON THE PERIPHERAL NERVES^ 

Indications. —Operations on tlic peripheral nerves are indicated for the 
relief of pain, spasticity, and paralysis, for the repair of injuries to nerves, and 
for. tumors of nerves. 

Anatomical Considerations. —A nerve trunk is made up of nerve fibers which 
are hound together by fine connective tis.suo, endoncurium, into fasciculi. 
These are in turn bound into larger bundles by iicrineurium, while the entire 
nerve trunk is inclosed in an outer sheath, a thick, resistant layer of connective 
tissue known as the epincurium. Before nerve fibers will pull apart this layer 
must yield. Often the nerve fibers may be ruptured by pressure and the sheath 
remain intact. These various connective-tissue structures carry the vessels and 
lymphatics of the nerves. As a rule, large nerve trunks run with the main 
vessels of the extremity. The notable c.xception is the great sciatic nerve. 

An increasingly important field for peripheral nerve surgery is within the 
spinal canal. Here the motor roots come from the anterolateral aspect of the 
cord, pass outward, backward, and more or less downward, according to the 
level in the canal, to the aperture in the dura. The posterior roots come from 
the posterolateral aspect of the cord and run outward and more or less down¬ 
ward to apertures in the dura, separated by very thin septa from the apertures 
of the anterior roots. Both the anterior and posterior roots receive extensions 
from the dura as they pass through it. In the intervertebral foramen lies the 
ganglion of the posterior root, of which it is the trophic center. Except in the 
cervical region the nerve makes its exit from the spinal canal through the 
intervertebral foramen next helow the bony arch of the corresponding vertebra; 
i. e. the seventh dorsal nerve comes out below the arch of the seventh dorsal 
vertebra. In the cervical region the nerves come out above the corresponding 

* For the histology, physiology and pathology of nerves the reader is referred to other books 
making a specialty of these topics. 
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arch. There is an eighth cervical nerve which comes out beneath the seventh 
cervical arch. 

OPERATIONS POR RELIEF OF FAIN 

Pain Due to Traumatism and Inflammation 

For pain which is the result of traumatism ami inflammation in the extra- 
spinal peripheral nerves, the various medicinal and local physical methods of 
treatment will usually give relief without resorting to operative work. In certain 
persistent inflammatory conditions, where such measures have failed to give 
relief, operation is indicated. Such operation consists in making an incision 
down to the nerve trunk over that portion of it which has been sensitive to 
pressure. The nerve trunk is then freed from inflammatory adhesions to sur¬ 
rounding structures, and in case the nerve itseflf seems to be swollen or too 
tightly constricted within its epincural sheath, this sheath may be split longi¬ 
tudinally and the contained nerve relieved from pressure. This method is most 
frequently applied to cases of persistent sciatica. The portion of the nerve 
which is more often the site of inflammatory adhesions to surrounding struc¬ 
tures is just at and above and below its exit from the true pelvis through the 
sciatic notch. 

Operative Technic.—The incision is made along the line of the sciatic 
nerve which is about 1/5 of fho distance outward from the ischial tuberosity to 
the edge of the great trochanter of the corresponding femur. The’ incision is 
then centered about where the gluteal fold crosses this ischiotrochanteric line. 
The incision should be about 10 cm. long through .skin, fat, and aponeurosis. 
The gluteus maximus is pulled upward and the hamstrings inward. The nerve 
is found under the outer edge of the bic.op.s. The nerve sheath is freed from 
surrounding adhesions well up into the true pelvis. The nerve may then be 
stretched by pulling upon both the peripheral and central ends. The pull upon 
the central end must be made vuth considerable discretion lest some of the roots 
be torn from the cord. (See page 536.) If the sheath is much thickened, it 
may be split longitudinally. In cither case the exposed portion of nerve may 
be surrounded by Cargilc membrane and the wound closed without drainage. 

A similar procedure is not infrequently applied to the ulnar nerve just 
back of the inner condyle of the elbow, where the nerve, as a result of trauma¬ 
tism or repeated traumatism, becomes the seat of a chronic productive neuritis. 


Neuralgias 

For the relief of severe neuralgias, such as persistent intercostal neuralgia, 
the severe neuralgic pains of tabetic gastric crises, the intolerable pain some¬ 
times caused by new growths, etc., where medical and local physical therapeutic 
measures have failed to give relief, posterior root section is the only recourse. 

Posterior Boot Section. — TECHNIC. —In doing posterior root section for the 



OPERATIONS ON THE PERIPHERAL NERVES 52Y 

relief of pain, it is necessary first to indicate clearly the nerve roots involved 
in the production of the pain. It is then desirable to divide at least 2 roots 
above and 2 roots below the upper and lower limits respectively of the roots 
definitely involved in the neuralgic disturbance. This is necessary because of 
the anatomical overlapping of the fields of distribution of the posterior roots. 

Having determined which roots arc to he divided, one may proceed to do a 
unilateral laminectomy, as described on page C02, through which the roots on 



Fio. 1 .—Nerve Hook with Blunt Point. 


both sides may he readily divided, or one may choose to do the usual bilateral 
laminectomy, as described elscwliere. In either case, after the dura has been 
opened the full length of the incision, the edges of the dura are caught by 2 or 
more silk sutfires on each side, which are used as retractors. This retraction of 
the dura not only gives a better exposure, with increased light into the dural 
cavity, but also serves to stop the venous oozing which always occurs from the 
venous plexus which surrounds the dura externally. One then takes a small 
blunt nerve hook (Fig. 1) and, starting cither above or below, divides the 
posterior roots systematically, first on one side and then the other. Inasmuch 
as the posterior and anterior roots lie closely approximated at their,exit from 
the dura, the hook is slipped between them sufficiently near the cord to avoid 
hooking up the motor root and including it in the division. 

When the posterior root is raised on the hook, it is advisable 
to clamp it with a broad, strong clamp for a moment or two, 
then to release it and cut through the compressed area (Fig, 

2) with a slender pair of scissors. In this way the small 
vessels which often run with the posterior roots are com¬ 
pletely crushed and occluded so that there is no leakage of 
blood into the spinal fluid to render the operative field in¬ 
distinct. This same procedure is carried out with each of the posterior roots 
to be divided. 

Inasmuch as these nerves are divided between their trophic centers (which 
are the ganglia of the posterior roots) and the spinal cord, there will be perma¬ 
nent degeneration into the cord and, therefore, permanent loss of function. 
This, of course, also means permanent relief from pain. Since this upward 
degeneration is permanent, it is scarcely necessary actually to resect portions of 
the posterior roots. 

After the roots have been divided, such blood as has oozed into the dural 
canal is carefully removed, the dura is closed tightly, and the remainder of the 
wound is closed, as indicated in the operation for unilateral laminectomy. 

As a rule, these cases will show a reactionary temperature—often as 
high as 103°—^which, in the course of 2 or 3 days, descends to normal and 
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remains there. Frequently there will be considerable pain in the area of the 
wouftd, which is probably due to irritation of the divided posterior roots. After 
about 3 days, when the degenerative process is pretty well advanced in these 
roots, the pain ceases. 

EESUIjTS.— These cases show very prompt and evident relief from the pain 
and a rapid improvement in general health. Many cases of this typo which are 
submitted for operation have developed the morphin habit during their long 
periods of suffering. In these cases the general improvement is not nearly so 
rapid, and there is the drug habit to struggle against in addition. 

If the roots involved are many, the division of all of them may lead to certain 
sensory and trophic disturbances. The trophic disturbances arc usually superficial and 
frequently show in the form of blebs such as pemphigus. The sensory disturbances take 
the form of anesthesia. If the nerve roots involved supply the extremities, the division 
of 3 or 4 complete roots consecutively may lead not only to sensory and trophic dis¬ 
turbances, but may also give rise to ataxia of greater or less degree, according to the 
number of nerves divided consecutively. Fortimatcly, the majority of severe neuralgias 
involving more than 1 or 2 roots, involve the dorsal nerves, in which the sensory, 
trophic and ataxic disturbances are less troublesome after multiple consecutive section. 

One of the chief causes of failure to obtain relief from the pain by posterior root 
section lies in the division of an insufficient number of posterior roots. There are a 
certain number of cases which suffer from disturbance of the peripheral nerves in which 
root section gives no relief. Many neurologists classify these cases as having psychic 
pain, or memory pains, after the actual causative lesion has disappeared or has been 
disconnected from the sonsorium by posterior root section. 

The results vary more or less with the type of case. In the tabetic gastric 
crises relief is obtained in about .50 per cent, of the published cases. In the 
other cases where relief has not followed root section the criticism is raised that 
an insufficient number of posterior roots has been divided. Foerster advocates 
dividing from the fifth to the twelfth dorsal, inclusive, on both sides. Often, 
for the first few days, while the process of degeneration is occurring in the 
proximal stumps of the divided nerves, the patient will feci scarcely any relief 
from the condition for which thp operation was advised, but after the degenera¬ 
tive process is well advanced relief is obtained. 

DANGERS.— The chief dangers of the operation are those inherent to a 
laminectomy, where an accidental slip may cause damage to the cord. The 
other danger lies in the possibility of infection of the wound, which, of course, 
occurs but rarely. In 2 of ray cases in which infection occurred there was no 
involvement except in the tissues superficial to the dura, apparently from de¬ 
fective chromic catgut. 

OPERATIONS FOB BELIEF OF SPASTICITY 

For the relief of spasticity in muscles (outside of orthopedic measures 
which may not properly be considered in this section), there are 2 chief methods 
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of procedure which aim at the pcriplicral nerves and cause a diminution in the 
overactivity of the spastic muscles. .One method works upon the peripheral 
nerves extraspinally, aud the other method upon the posterior roots intra- 
spinally. 

ExTUASpiNAn Opkiiations 

Two methods of extraspiiial operation have been described and the authors 
report good results. 

1. Alcohol Injection.—Alliscm and Scluvah (1) advocate the injection of 
alcohol into the peripheral nerve trunks which run to the groups of spastic 
muscles. This results in motor paralysis and anesthesia in the distribution of 
the injected nerve, whicdi last a variable lengtb of time, according to the amount 
aud strength of alcohol injected. During tin; temporary llaccid paralysis of the 
previously spastic muscles tin', extremity is treab'd by massage, electricity, 
and the various other methods of {diysical th<'rap('uties applied to the antag¬ 
onistic groups so as to improve the muscular balance of the extremity when the 
temporarily paralyzed muscles have resumed their ac^tivity. As power begins 
to return in the paralyzed muscles, the patient is also educated to control the 
activities of these muscles. The process may he repeated if necessary. 

In general, the-operative method consists in determiniug which groups of 
muscles are spastic and in id(mtifying the corresponding motor nerve trunks. 
Under ether anesthesia, incision is then made over the accessible part of the 
nerve trunk supplying the sj)astic muscles. This nerve is isolated, elevated on a 
blunt hook, and injeetted with alcohol 80 per cent., l/> to 1 c. c. according to 
the size of the trunk. Immediately s 2 }asticity is replaced by flaccid paralysis of 
the muscles snpi)Hed by this nerve. The wound is closed without drainage, 
i^o fixation of the extremity is made. 

This procedure has been aj)plicd to the lower extremities at 4 different sites: 
the obturator nerve is c.xposed just below T'oupart’s ligament in the front of 
the thigh, and injected for spasticity of the adductor groups; the great sciatic 
is exposed just below the gluteal fold, and its branches to the hamstring muscles 
injected; the internal popliteal is exposed in the popliteal space, and the 
branches to the gastrocnemius and soleus injected; the external popliteal is 
exposed just below the head of the fibula, at which site branches to either the 
peronei or the anterior tibial muscles may be isolated and injected. These 
different exposures have usually been made at different sittings. For more 
detailed technic reference is made to the publications by the authors above 
mentioned. 

2. Nerve Resection. —Another method of extraspinal operation was brought 
forward by Hr. A. Stoffel (19). 

Instead of causing temporary paralysis of muscles by injecting alcohol into 
the nerves, he resects portions of the motor nerves involved so as to cause a per¬ 
manent diminution in the activity of the spastic muscles. He has demon¬ 
strated that, in nerve trunks? the bundles running to the various groups of mus- 
35 
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cles practically always maintain a fixed position in the topography of the main 
nerve trjank. With this knowledge at hand, he is able to expose main nerve 
trunks and from them to pick out the fasciculi (verified by electric stimula¬ 
tion) which run to the muscles which he wishes to affect by his proceduret The 
amount of nerve resected depends upon the size of the muscles involved, the de¬ 
gree of spasticity, and the relative activity of the antagonists. The nerve struc¬ 
ture is resected in such a way as to maintain a permanent defect. This method 
requires a very minute knowledge of the topography of the main motor nerve 
trunks and considerable experience to estimate accurately the amount of nerve 
to resect in order to give well-halanecd muscular activity afterward. 

It will readily be seen that both of these methods aim to balance the muscu¬ 
lar activities of the extremities by diminishing the amount of power in the 
spastic muscles. The method of Stoffcl would seem to arrive at this result with 
gfeater precision and permanence. lie and many other writers report most 
satisfactory results. For minute details of his operative technic reference is 
made to his publication above cited. 

Intraspinal Operations 

Aside from the difficulty of mastering the anatomical and technical operative 
details of the extraspinal method, it would seem that a method which would 
relieve the spasticity without impairing the voluntary power of the spastic 
muscles would be preferable. Such a method was published by Professor 
Foerster, of Breslau (7, 8, 9). 

Foerster’s Operation.—Foerster conceives that the spasticity is due to hyper¬ 
activity of the reflex arc, and that this hyperactivity results from diminished 
control by the centers of inhibition caused by some lesion of the pyramidal 
tracts which partially separates the upper cortical centers from the spinal 
centers. The basis of his method consists in diminishing the reflex activity 
by causing a break in the reflex arc. The best place to cause this break is in- 
tradurally by the division of the posterior nerve roots. 

This theory is supported by 2 observations of considerable interest. For 
a long time it had been observed that in spastic paraplegics, if locomotor ataxia 
supervened, the spasticity disappeared pari passu with the development of the 
ataxia. It is also known that ataxia begins essentially as a posterior root lesion. 
The other observation was made many years ago by Friinkel and Beer—that in 
spastic cases intraspinal injection of a local anesthetic caused relief of spas¬ 
ticity, and with the disappearance of the anesthetic, the spasticity recurred. It 
seems, therefore, that permanent interference with the function of posterior 
roots should give release from the spasticity of the corresponding muscles, and 
this works out fairly satisfactorily in practice. 

The method of procedure consists first in determining the relative degree 
of spasticity in the different groups of muscles, and then in determining which 
posterior roots are most closely allied with the* innervation of the spastic 
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muscles. It must also be determined that the case is one of pure pyramidal 
tract lesion and that the lesion does not completely obliterate the function of 
the pyramidal tracts, because, under these circumstances, the relief of spas¬ 
ticity would simply result in flaccid paralysis of the same muscles, and 
the functional advantage to the patient would be nothing. The presence of 
symptoms of sensory tract disturbance is considered to contra-indicate this 
operation, as it is not successful where the sensory difficulty is already 
present. 

The method works out most satisfactorily in the lower extremities. As a 
rule, the fourth lumbar posterior roots should be left intact, as their division 
frequently results in undue relaxation of the quadriceps extensor, and locomo¬ 
tion is correspondingly uncertain. Whether the fourth root is related to the 
quadriceps extensor may be determined at the time of operation by testing the 
fourth anterior root with the faradic current. If stinjulation of thq anterior 
root causes quadriceps extension, the corres})onding posterior root should be 
left intact. Occasionally this muscle is controlled chiefly by the third lumbar 
root, in which case it should be left, instead of the fourth. The roots involved 
in spastic paraplegia include from the twelfth dorsal to the second sacral. 
Nerves below the second sacral should not be dividcul for fear of damage to the 
functions of the bladder and rectum. No more than 2 consecutive posterior 
roots should be completely divided because sensory and trophic disturbances 
may occur. The surprising fact that 2 or often 3 consecutive roots may 
bo divided without causing obvious aousory disturbances is due to the overlap¬ 
ping of fibers of adjacent roots in the distribution of sensory innervation, as 
mentioned under Anatomical Considerations. Cases are on record where 3, 4, 
and even 5 roots have been consecutively divided without obvious sensory or 
trophic disturbances afterward, but this is distinctly against the rule. The 
procedure, therefore, resolves itself into choosing which posterior roots shall be 
divided in a given case, and these must be determined according to the roots 
which supply innervation to the spastic muscles. 

OPEEATIVE TECHNTC.— The roots are expospd by the method of unilateral 
laminectomy or by the more commonly used method of bilateral laminectomy. 
The nerve roots for the lower extremities leave the dura practically on a level 
with the middle of the spinous process of the vertebra corresponding in num¬ 
ber to the nerve, and the exit from the dura is the only sure way of id'entifying 
the nerve. 

It is often difficult to exactly locate a definite nerve, and one of the best 
methods for positive identification is to place a small piece of metal over the 
tip of the spinous process of what is thought to be the first lumbar vertebra 
and then to take an X-ray picture of this portion of the spine to definitely 
identify the spinous process. When the metal is removed, a scratch through 
the skin should be made so as to keep the identification of the spinous process 
until the time of operation. With one root thus positively identified, it is easy 
to get the others, For the relation of the various groups of muscles to the nerve 
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roots the reader may be referred to Bing’s “Compendium of Regional Diag¬ 
nosis.” 

. After the dura has been opened, as in the method of unilateral laminectomy 
(Fig. 79), silk retraction sutures are passed through the edges of the dura, 2 or 
3 on each side, and it is pulled up firmly over the divided bone surfaces, both to 
^ve better exposure to the intradural contents and to prevent oo/ing from the 
extradural venous plexus. The posterior roots are picked up on a blunt book 
(Fig. 1) after proper identification, thoroughly compressed with a heavy clamp, 
and then divided with blunt scissors through the compressed segment (Fig. 2), 
This prevents oozing from the divided ends of the nerve, which otherwise would 
be sufficient to render the spinal fluid murky and interfere seriously with the 
progress of the operation. As the posterior and anterior roots leave the dural 
canal they are very closely apposed, and are bound together by a light fibrous- 
tissue shoath. The lint of division can readily bo made out by inspection, and 
they may be easily separated from each other and the posterior root elevated 
on a hook. After the nerves have been divided and the blood carefully removed 
from the dural canal, if any has oozed in, the dura is closed by a continuous cat¬ 
gut stitch, and the remainder of the wound closed without drainage, as described 
in the operation of unilateral laminectomy. 

No fixation dressings arc applied. Prof. Foerster often puts the extremities 
in well padded casts to overcome the defonnities as far as possible. The pa¬ 
tients are very uncomfortable and in 1 or 2 of my cases pressure sores have de¬ 
veloped, which have been exceedingly slow to heal. Therefore, T have discon¬ 
tinued using casts, leaving the correction of such organic deformities as may 
persist after the spasticity has been relieved until a later period when the wound 
has healed. 

RESULTS. —These patients are very likely to have a fairly sharp reaction 
with a temperature running to 103° or 104° for the first 24 or 48 hours, after 
which time it descends steadily to normal and remains there. For the first 3 
days they usually have severe pains, which are interpreted to be root pains from 
the irritation of the root-section. These pains disappear, as a rule, after the 
third day, when the process of central degeneration has become well advanced. 

For the first week after operation attempts at moving the lower extremities 
are very likely to cause pain in the wound, and therefore a defensive rigidity of 
all the muscles occurs. When this tenderness and pain have disappeared, the 
release from spasticity in the muscles is perfectly obvious. The knees and feet 
may frequently be abducted voluntarily with comparative ease. Attempts at 
voluntary motion of the extremities do not result in the previously noticeable 
associated spasms of the muscles all over the body, and the general condition 
of the patient greatly improves. Patients are much less liable to sudden spas¬ 
modic responses to any kind of sensory stimulus, such as sudden light, sudden 
noise, etc. It is noticed that the patient’s nervous system is very much more 
equable and the disposition far less irritable. From this time on the progress 
of the case will depend very largely upon the education of the patient in the 
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development of the coordinative movements of the extremities and the develop¬ 
ment of voluntary dissociated control. This process may require 2 to 3 years of 
educational aftcr-ti eatment, and with it should be included massage, passive 
motion, etc., for the maintenance of the nutrition and freedom of motion in the 
joints and muscles involved. 

If the after-treatment, consisting of the physical therapeutics and reeduca¬ 
tion of the patient in the use of his muscles, is systematically and patiently car¬ 
ried out, these patients will frequently get well enough to dispense with their 
crutches or other artificial means of support and to get about with reasonable 
independence and freedom. They often get so that they can climb stairs by 
themselves with a fair degreq of ease. 

DANGERS AND DIFFICULTIES. —The dangers ’of the operation are chiefly 
those of infection, which, of course,-is preventable. In older cases with very 
rigid lumbar muscles it is frequently diflicidt to do a unilateral laminectomy 
because of the depth of the wound, the rigidity of the muscles, and.the fact that 
often in adolescents the laminae are composed of very hard bone. The same 
difficulties apply, but in somewhat lesser degree, to a bilateral laminectomy. 
If by mistake the third or fourth sacral root .should be divided, there may bo 
disturbances in the functions of the bladder and rectum. If more than 2 con¬ 
secutive roots are divided, there is a possibility of trophic disturbances oc¬ 
curring, oven though they may not make their appearance for some few weeks 
or months after operation. 

In cases whore the spastic condition has existed long enough so that organic 
contracture has occurred in many of the muscles and there are fixed deformi¬ 
ties of the joints independent of the deformities due purely to the spasticity of 
the muscles, it may be necessary to use one or more of the various orthopedic 
measures to put the extremities in proper position to take advantage of the 
release from muscular spasticity, i. c. tendon lengthening, plaster casts, etc. 

INDICATIONS FOR OPERATION. —This procedure is indicated in spastic con¬ 
ditions of all kinds in which there is a pure pyramidal tract lesion which does 
not cause complete loss of function in the pyramidal tract, i. e.: 

Spastic paraplegia. 

Congenital type—Little’s disease. 

With hydrocephalus. 

With spinal syphilis. 

Disseminated sclerosis. 

Spastic hemiplegia. 

Operative attack is contra-indicated in lesions which show active progress. 

OFEBATION FOB BEUEF OF SPASMODIC TOBTIOOLLIS 

Closely allied to other forms of muscular spasticity is one of the various 
types of “wry-neck.” The wry-neck which is due to organic change and con¬ 
tracture in the sternomastoid and other rotator muscles of the head and neck. 
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will not be considered here, but rather the type of purely spasmodic wry-neck 
without organic changes in the muscular tissues. There are some neurologists 
who maintain that this type of wry-neck is more or less a hahit spasm and 
almost entirely psychical in origin, and that it should never he operated upon, 
but rather treated hy suggestive therapeutics. On the other hand, many cases 
of persistent spasmodic torticollis have been successfully treated by means of 
resection of the nerves supplying the muscles involved in the spasmodic process. 
These nerves include the spinal accessory (resection of which has been described 
elsewhere), for the purpose of paralyzing the sternomastoid and trapezius 
muscles; the second and third cervical nerves and the suboccipital branch from 
the first cervical nerve, for the purpose of paralyzing the splenius capitis, rectus 
capitis posticus major, and ohliquus inferior muscles. 

Besection of the Cervical Nerves (Beezl’s Operation). —For the resection of 
the cervical nerves, Keen’s operation is the best procedure. 

The patient is laid prone on the table with the head somewhat fiexed on the 
chest and preferably with the head upon a head-rest, such as is described under 
the section on Cranial Surgery. 

There is frequently some confusion in the mind of the surgeon as to which 
nerves should be resected. Inasmuch as the sternomastoid, trapezius, corn- 
plexus, and inferior oblique muscles turn the face toward the opposite side, one 
would resect those posterior nerves which lie on the same side as the spasmodic 
sternomastoid, and it may bo stated that, as a rule, resection of the spinal ac¬ 
cessory should be done in conjunction with Keen’s operation. 

A transverse incision is made through the skin at a level about 2 cm. below 
the lobule of the ear, and running from the median line outward for a distance 
of 6 to 10 cm., according to the size of the neck. This section is continued 
down through the trapezius muscle, which lies just beneath the subcutaneous 
structures. The trapezius muscle is reflected downward, and at about 1 to 2 
cm. below the level of the incision will be found the occipitalis major nerve, 
where it perforates the complexus muscle, which lies just beneath the trapezius. 
This nerve is carefully followed through the complexus muscle by means of 
section transverse to its muscular fibers. On the deeper side of the complexus 
the nerve is followed to its bifurcation with the second cervical. An extensive 
piece is then excised from both the occipitalis major and the second cervical. 
The upper piece of the complexus is reflected upward until the suboccipital tri¬ 
angle is exposed. This is bounded by the 2 oblique muscles and the rectus 
capitis posticus major. At the antero-extemal angle of this triangle the first 
cervical nerve passes outward above the arch of the atlas. A large piece of this 
nerve is resected. The lower piece of the complexus is then reflected downward, 
and at a level 2 to 3 cm. below the second cervical nerve, which has already 
been resected, will be found the third cervical nerve, which supplies the splenius 
capitis. The external branch of the posterior division of this nerve is widely 
resected. The cut muscles are now united with catgut sutures in layers, and the 
skin is sutured with silk, without drainage. Sterile dressings are applied, and a 
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plaster-of-Paris dressing, including the head, neck, and shoulders, is applied, 
with the head in overeorrected position.. This plaster support is retained from 
6 'to 12 weeks, according to the severity of the case. 

The chief difficulty of the operation lies in finding the nerves in a field 
which is exceedingly bloody. The operation itself is not dangerous. 

If failure to obtain relief occurs, cither there has been some of the element 
of organic muscular shortening in the case, or the nerves have not been 
completely resected. In case the muscles at the time of operation should 
show evidence of organic shortening, they may be divided and left unsu¬ 
tured in a manner similar to that in which they are treated in spastic wry¬ 
neck. 

Many satisfactory results have been reported, although the tendency to 
recur is very marked. 

Posterior Root Section. —There is one other procedure which may eventually 
prove to have some value. It was tried in a case of spasmodic torticollis some 
3 years ago. The procedure was based upon the theory of the Foerster opera¬ 
tion for the relief of spasticity. It consisted in the section of the posterior roots 
of the upper 4 cervical nerves, in addition to the resection of the spinal acces¬ 
sory, as previously described. This posterior root section was done through 
a Unilateral laminectomy involving the upper 3 vertebra}. Great care had 
to be exercised in cutting the posterior root of the first nerve because of the 
close proximity of the medulla. In this case no fixation dressing was applied, 
hut the patient was simply put to bed with an ordinary sterile dressing. She ‘ 
was able to lie flat on her back with the face straight forward for the first time 
in 3 years. In a couple of weeks she was able to get her face straight forward 
and even to rotate the chin about halfway over toward the opposite shoulder. 
Under conditions of nervous excitement there was a tendency to return to the 
original deformity, but never to the original degree. There was no loss of vol¬ 
untary muscle power after this posterior root section. She was lost to observa¬ 
tion after 3 months. 

This operation has been done once, with fair success, but cannot be recom¬ 
mended for general use as yet. 

OFEBATIONS FOB B ETJEF OF PABALYBIS AND BEPAIB OF INJI7BY 

TO NEBVES 

Paralysis may result either from lesions in the central nervous system or 
from those in the peripheral nerves. The lesions of the central system include 
such conditions as poliomyelitis, hemiplegia, and damage from traumatism, 
inflammations, and new growths. Paralysis resulting from lesions of the 
peripheral nerves may be due to injuries, including pressure from callus or 
apparatus, to new growths, or to inflammations of the nerves which may result 
from traumatism, infection, or specific poisons. 

* For many of these conditions non-operative treatment is the most that can 
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be given. For certain of the others there are various procedures, one or the 
other of which may be used for the relief of paralysis. 

A general description of the different procedures may well be given here 
and then applied to the various conditions as they arise. 

Operative Procedures 

Neurotomy. —Section of the nerve, either transvcrse.or longitudinal. 

Neurectomy. —An excision of a greater or less part of the nerve—to be done 
with a sharp scalpel, never with scissors. 

Neurectasy. —For neurectasy, or nerve stretching, the nerve is exposed and 
separated from its surroundings; the finger is inserted beneath the nerve trunk, 
which is pulled firmly, first from the central end and then from its peripheral 
end, steadily for about 5 minutes. The amount of force used varies with the 
size and situation of the nerve. For small nerves, such as the supra-orbital, 
very slight force is permissible, but for a large nerve, sucb as the sciatic, 
the pull may be up to 8.5 pounds. In pulling from the central end, less 
force should be used so as to avoid tearing the nerve roots from the spinal 
cord. After the nerve has been thoroughly stretched, it is dropped back 
into place and the incision closed without drainage. Motion and sensation 
will be absent more or less completely and for a varying length of time, 
according to the amount of compression and traction exerted on the nerve 
trunk. 

Nerve Avulsion.—Nerve avulsion is'applied in the case of certain sensory 
nerves which are the seat of an intractable neuralgia. Tbe nerve is exposed and 
grasped by a curved hemostatic forceps, which is then slowly and steadily 
twisted, thus winding the nerve around it until the nerve tears away centrally, 
often many centimeters proximal to the avulsing clamp. The twist is then re¬ 
versed, and as much as possible of the peripheral portion of the nerve is avulsed 
in a similar manner. 

Neurorrhaphy. —Many methods of nerve suturing have been described and 
pictured, of which 2 types are worth while. Of these 2 types of suturing, one 
consists of the through-and-throngh method and the other of lateral tension 
suturing with peripheral apposition sutures. 

THBOUQH-AND-THROUQH METHOD. —The through-and-through method is 
permissible when the nerves to be sutured are of small caliber and apposition 
can be maintained without tension on the suture. The suture is passed through 
the center of each nerve end, from to Y> cm. distant from the end (Fig. 
3, A and B), Under these circumstances the through-and-through suture 
■causes good apposition and creates a minimum amount of irritation and conse¬ 
quent secondary cicatrization. 

The suture is best composed of either very fine, smooth catgut or, when "it 
can be obtained, a fine strand of rat-tail tendon, which is very strong and per^ 
fectly smooth. It is undesirable as a rnle to use silk for through-and-throuj^l 
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sutures because it is practically non-absorbable and is apt to cause a certain 
amount of chronic irritation, with connective-tissue formation. 

In larger nerve trunks, where no- 
tension at all will occur upon the su¬ 
ture, the through-and-through method 
may he used, the sutures being passed 
Y 2 cm. from the ends. In addition, to 
prevent lateral displacement of the 
apposed ends, 2 or 3 peripheral su¬ 
tures may he passed through the 2 
nerves to keep them in proper align¬ 
ment. 

. LATEEAL TENSION METHOD.- 

Where the nerve suture will he sub¬ 
ject to some little tension the through- 
and-through suture is not satisfactory 
because of the damage to the 2 ends of 
the nerve consequent to the continuous 
pull. Under these conditions each of 
the 2 nerve ends is treated as follows: The sheath is removed by a sharp 
scalpel for about 1/4 cm. from the end of the nerve, which has already been 

freshened transversely. On opposite 
sides of the nerve, and about 0.6 cm. 
from its end, 2 fine silk sutures are 
passed through the epiueurium, get¬ 
ting a good hold and being tied in a 
square kjiot so as to get a side hitch 
(Fig. 4, C). These sutures are left 
long and, when they have been placed 
in both nerve ends, the correspond¬ 
ing pairs are tied together so as to 
approximate the nerve ends (Fig. 4, 
D). To prevent lateral displace¬ 
ment of the ends, a fine catgut 
suture may be run around the 
periphery of the nerve joint, or a 
few interrupted sutures may be 

so AS TO Get a Side Hitch on Epineorium. used. 

These sutures will stand considerable tension. 

B, Lateral Sutures Tied and a Few Periph¬ 
eral Sutures to Prevent Lateral Displace- General Principles. _ all nerve 

VENT OF Ends. The nerve-suture area is then . 1 .i . . . 

wrapped in Cargile membrane, which is not suture work there are certain general 
shown in the drawing. principles and precautions which must 

be carefully observed. The object is al- 
; to get close apposition of nerve fiber to fiber in the 2 ends, to have a suture which 
stand as much strain as may be necessary in the given case, and yet will interfere 



Fio. 4.—^A, Side Sutures Which Have Been 
Passed Through the Epineuhium and Tied 
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A 



Fio. 3.— A, Epineuhium Removed from Nerve 
Ends and Throuqh-and-throuuh Suture 
Passed Ready for Tying. H, Thhouoh- 
and-thhouoh Suture Tied to Approximate 
Nerve-ends. A few small superficial sutures 
have been placed at the junction of the 
nerves to prevent lateral displacement of 
their ends. 
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as little as possible with the structurt of the nerves and cause as little compression of 
nerve fibers as possible. Again, precautions must be taken to prevent the formation of 
connective tissue in the space between the 2 nerve ends. To have the nerve ends per¬ 
fectly free from bleeding prevents the formation of a small blood-clot between them, 
with later cicatrization and interference with union and regeneration. 

The epineurium should be removed by sharp dissection for about 0.25 cm. from 
the end of each nerve to prevent it from slipping forward and curving inward between 
the nerve ends. To avoid adhesions to surrounding structures and to prevent connec¬ 
tive tissue from growing in between the nerve ends, the junction should be surrounded 
by Cargile membrane or some other similar innocuous organic structure. 

Nerves should never be grasped directly with either the fingers or instruments. 
The best way is to grasp the cpineural sheath and then dissect away the surrounding 
structures from the nerve, causing the least possible traumatism to the nerve itself. 
All dissection should be done with a sharp scalpel and never with scissors, which have 
a crushing eilect and cause interference with later reunion and regeneration of the 
nerve ends. The sutures should be passed, when possible, simply through the epinoural 
sheath, at some little distance from the freshened end. As a matter of fact, such a 
suture always includes a few nerve fibers. 

AFTER-TREATMENT. —After tlic nerve suture is completed and the joint 
wrapped with membrane, the nerves are laid back in place, the wound is closed 
without drainage after perfect hemostasis, sterile dressings are applied, and the 
extremity is put up in such a position as to give the maximum relief from 
tension. This position may be maintained by some form of brace, by a plaster- 
of-Paris bandage, or by a simple gauze bandage. 

SECONDARY NEURORRHAPHY. —In secondary neurorrhaphy we usually 
find after the exposure of the nerve ends a large bulbous growth on the proximal 
nerve end, and a similar, though smaller, one on the distal nerve end. These 
bulbs are made up of a conglomeration of fibrous tissue and immature nerve 
fibers. Before a satisfactory nerve suture can be made these bulbous extremi¬ 
ties must be removed until normal-looking nerve bundles appOar on the trans¬ 
verse section of the nerve ends. Some writers have reported satisfactory re¬ 
generation when only a portion of these bulbs was removed and end-to-end 
anastomosis between the remainder of the bulbs accomplished, but this method 
seems less likely to give satisfactory results than the other. 

Sherren states that in secondary sutures it is not worth-while to remove any 
more than the fibrous end of the peripheral stump, as the whole thing is nothing 
but fibrous tissue. However, many times, in cases several years after the inci¬ 
dence of the paralysis, I have been able to get to good-looking fasciculi by 
resecting a generous piece from the end of the peripheral stump. It is my 
custom to take small cross-sections until the fasciculi appear in the stump. This 
seems to me to improve the prospects of a satisfactory result. 

Keuroplasty. —Neuroplasty is the plastic bridging of defects so as again to 
connect damaged peripheral nerves with the central nervous system. It in¬ 
cludes several different procedures. 

NERVE ANASTOMOSIS. —This procedure is accomplished in one of several 
different ways. In the first place, the peripheral portion of the paralyzed nerve 
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may be connected with the neighboring sound nerv’e by 1 of 3 methods. In the 
sound nerve there may be made simply a longitudinal slit*into which the end of 
the peripheral segment of paralyzed nerve is inserted and held fast hy sutures 
(Fig. 5). A certain number of fibers of the sound nerve are always divided 
by this longitudinal incision and insure union with the paralyzed nerve, with 
return of function. This procedure reaches its best success when the paralyzed 
nerve is small in size and, therefore, needs bnt comparatively few fibers from 
the sound nerve to cause its regeneration. 

Another way consists in making an oblique transverse incision through a 



FIq. 5. Fio. 6. Fia. 7. 


Fios. 5, 6, AND 7.—Phasbb or Nbiivb Anabtomobis. In each figure the dark nerve is the paralyced 
and the light nerve is the sound one. C represents the centriil end of the sound nerve. 6 shows 
the implantation of the peripheral stump of the par.alyzcd nerve into a longitudinal slit in the sound 
nerve. ’ 0 shows implantation into an oblique transverse slit in the sound nerve thus giving more 
definite end-to-end apposition of the nerve-fibers in the two. 7 shows end-to-end suture between 
the paralyzed nerve and a portion of the sound nerve elevated after transverse section. It is a slight 
modification of 6. 

portion of the sound nerve and the insertion of tho peripheral paralyzed nerve 
into this transverse slit (Fig. (5). This insures a considerably greater number 
of divided nerve fibers for the regeneration of the paralyzed nerve. The third 
method consists in transverse section of a portion of the sound nerve and the dis¬ 
section upward of the portion of nerve thus divided (Fig. 7) and the use of 
this central reflected stump for the purpose of end-to-end suture with the para- 
► lyzed peripheral nerve stump. 

With the same 2 nerves 3 other procedures are possible, reversing the 2 
things done to the paralyzed and peripheral nerves. For instance, the longi¬ 
tudinal slit, tho transverse section, or the reflection of the portion of nerve 
trunk may be applied to the paralyzed nerve on the peripheral end and a p<v 
tion or tho whole of the central end of the sound nerve may be used for anasto¬ 
mosis. These last 3 types are rarely of service. * 

Where the entire peripheral stump of the paralyzed nerve is implanted into 
the neighboring sound nerve, in cases where injury or disease has destroyed too 
’ much nerve to permit end-to-end suture with itself, it has sometimes been ad- 
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vised to implant the central stump of the paralyzed nerve also into the same 
^ound nerve at a higher level, with the hope that its fibers will grow down along 
the sound nerve and rennite with its own peripheral stump. Since, however, it 
has been shown that the axis cylinders in the central end of the divided nerve 
have no preference for those of its own peripheral end, the results would prob¬ 
ably be better if the central end were not used, as the consequent confusion of 
axis cylinders might well interfere with coordination later on, 

NERVE CR08SIN0.— Nerve crossing refers to the procedure where the cen¬ 
tral end of tho sound nerve, divided completely transversely, is sutured to the 
peripheral end of the paralyzed nerve, also divided transversely. 

NERVE BRIDGING. —Nerve bridging refers to the attempt to cause nerve 
regeneration over the gap wliich exists between the ends of a divided nerve in 

U ll [j| cases where nerve stretching, combined with the most favor¬ 
able position of tho extremity, still fails to overcome the gap. 
'll II The rather frequently pictured and recommended method of 
making plastic flaps from each of the 2 ends of the divided 
nerve should he most vigorously condemned. No flaps thus 
obtained can do more than form a conducting pathway for 
the fibers whiedx may regenerate between the two nerve ends. 
To divide, transversely, half of the central stump consider¬ 
ably above its end and then to turn this flap downward does 
serious additional damage to the nerve. It is sure to. cause 
considerable formation of connective tissue and also to form 
many adhesions with surrounding structures and, as a rule, 
gives nothing but disappointment. When this method is ap¬ 
plied to both nerve ends the difficnlty is doubled. 

Nekvk TRANsnr.ANTATioxs.— The best method of nerve 
bridging consists in autotransplantation, i. e. the uso of a 
nerve trunk from tho same individual to fill in the gap. It 
is perfectly possible to use a sensory nerve for tho purpose 
of filling ill a gap of motor nerve, inasmuch as the transplant 
acts only as tho most favorable framework for tho down- 
growth of the nerve. Instead of using a single transplanted 
section of nerve, it may bo possible to dissect out a consider¬ 
able length of some nerve—for instance, tho long saphenous 
—which may be cut into lengths sufficient to bridge the gap, 
a bundle of these segments being made equal in circumfer¬ 
ence to tho trunk of the nerve to be repaired. These pieces 
are sutured end to end with tho 2 ends of the nerve to be repaired. After 
the end-to-end suture is complete, the whole transplant and the 2 nerve sutures 
are wrapped in Cargile membrane to prevent the formation of adhesions tp 
surrounding structures and to prevent the ingrowth of connective tissue into 
the nerve joints, the 2 things which will most of all prevent the return, of 
function (Fig. 8). 


Fia . 8.—Bridqb be¬ 
tween Two Ends 
or Damaged 
Nbkvk. This 
bridge is made by 
taking a segment 
from some other 
nerve in tho same 
patient’s body and 
suturing it into 
the gap. Tho 
bridged area is 
' wrapped with Car- 
g i 1 e membrane 
which is fastened 
at each end to tho 
epineurium by a 
few fine catgut 
sutures. 
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The next best procedure consists in the use of a transplant from another 
human being, closely related to the patient if possible. A transplant taken 
from animals—‘‘heterogeneous transplant”—has given exceedingly few satis¬ 
factory results, and this method should not be used. 

Tubulization. —Of the many other methods which have been described, 
that of tubulization is next best to autotransplantation. The method of tubu¬ 
lization consists in making a framework of catgut strands between the 2 ends 
of the divided nerve and then surrounding this framework 
by some structure which acts as a tuhe for the direction of 
the regenerating nerve fibers and for the prevention of 
interference with regeneration by adhesions with, or con¬ 
nective tissue ingrowth from, surrounding stnictures. 

(Fig. 9.) Cargilo membrane is one of the most satisfac¬ 
tory materials to use. It can he wrapped around the cat¬ 
gut strands and the 2 ends of the divided nerve to make a 
satisfactory tube. Other materials which have been tried 
are sterilized preserved arteries from animals, gelatin 
tubesj and paraffin wax tubes, but these are diffi(!ult to get 
on short notice and have no advantages over tho Cargilo 
membrane, 

Neeve BErnoiNo by LTse ok a Vein. —Another 
method consists in dissecting a vein from tho patient, slip¬ 
ping it up over one end of the nerve until the bridging 
sutures have been placed, and then sliding tho vein down 
so as to form a protective tube covering in both the bridg¬ 
ing sutures and the respective ends of tho nerve, to which 
it is fixed by 1 or 2 fine catgut sutures at each end. This procedure is by no 
means so easy as it sounds, for tho vein shrinks and is very difficult to manipu¬ 
late. 

The longest distance which has been satisfactorily bridged has been 4 in., but as 
a rule, regeneration over so long a distance should not be expected. There is much 
more hope of bridging over any space leas than 3 in. 

BONE EESECTION. —Another procedure, which can scarcely bo called a 
neuroplasty, but which is a plastic operation done in-order to approximate tho 2 
ends of the nerve, consists in the resection of sufficient length of bone so that 
the nerve will come together when the ends of the bone are again fastened to¬ 
gether. Direct end-to-end suture of the nerve is then possible. The level of 
bone section should be as far away from that of the line of nerve suture as 
possible, so as to have tho minimum amount of reaction in the neighborhood 
of the nerve junction. This method would be permissible only where no other 
method of bridging would offer any chance of success. 

OHOIOE OF NEUBOPLASTIC METHOD. —In dealing with divided nerves, the 
proQ^ures Just described should bo chosen in the following order of preference; 



Flo. 9 . — Gap bbtwekn 
Nerve Eni>b Bridged 
B v Means of Chro¬ 
mic Catout Loops; 
Caruile Membrane 
Used to Complete 
Tubulization. 
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(1) end-to-end suture; (2) nerve bridging, if end-to-end suture is impossible 
and if the distance is not more than 2 in.; (3) (a) lateral anastomosis with a 
neighboring nerve, or (b) nerve crossing, if nerve bridging fails after a proper 
interval has elapsed—3 to 12 months, according to the length of the gap. 

It is an interesting fact that about of a nerve trunk may be divided trans¬ 
versely without causing obvious motor or sensory disturbance, so that one might 
do a lateral anastomosis and get new power in the injured nei've with very 
little obvious interference with the function of the nerve used for the anasto¬ 
mosis. 

Nerve crossing, which involves the entire transverse section of a sound 
nerve, of course causes permanent paralysis of the muscles supplied by the 
sound nerve so divided, and "this process is justifiable only where the damaged 
nerve is of much more vital importance than the sound nerve thus used for 
crossing. 

Resection of bone, so as to shorten the extremity until end-to-end anasto¬ 
mosis between the ends of the nerves can be accomplished, is only to bo chosen 
where the other methods promise no success. 

Neurolysis. —Neurolysis consists in the freeing of the nerve trunk ifrom 
pressure by surrounding structures, such as scar tissue, as, for example, in 
Volkman’s ischemic paralysis, or callus, as seen in fractures of the middle of 
the humerus, where the callus involves the musculospiral nerve. Sometimes 
the compressed nerve will also have new' connective-tissue formation within its 
own epineurium, and in this case it is often desirable to split the external nerve 
sheath and to separate from one another the various fasciculi composing the 
nerve trunk. 

General Considerations in Operations for Belief of Paralysis. —In'all these 
operations perfect asepsis and hemostasis are essential. Infection not only 
interferes with the immediate healing of the nerve, but causes an excessive 
amount of scar tissue both around and within the nerve joint, and so leads to 
permanent interference with the return of function. Hemorrhage, to a less 
degree, gives rise to the same disturbance. 

In these operations the handling of the nerve structures must be most care¬ 
ful. No pinching, pulling, bruising, Or unnecessary manipulation is ever per¬ 
missible. The nerve sheath must be removed by methods previously mentioned, 
from the ends of the nerves to be joined, so as to minimize the possibility of 
connective-tissue ingrowth in the space between the nerve ends. 

Neeve Injubies in General 

In dealing with injuries of nerves, where there is also a division of skin and neigh¬ 
boring muscles or tendons, primary nerve suture should be the rule. Not a few in¬ 
stances have occurred where a divided nerve trunk has been mistaken for a tendon and 
sutured end to end with another tendon. Where the damage to the nerve has been 
subcutaneous, many surgeons prefer to wait for the development of certain symptoms 
diagnostic of lasting injury to the nerve structure. When the nerve is completely 
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divided either anatomically or physiologically, there is complete loss of function and 
there soon develops complete degeneration of the peripheral segment of the nerve. This 
degeneration begins very soon after the receipt of the injury and is complete by the 
end of the tenth day, at which time, as a rule, there is a “reaction of degeneration” 
present if the nerve has been completely divided. When this reaction is present, it is 
wise to expose the nerve at the damaged site and to do such repair work as is indi¬ 
cated by the findings on exposure. 

Beaction of Degeneration.—A brief description of the reaction of degenera¬ 
tion will perhaps be helpful. Mnacles in their normal relation to the central 
nervous system react quickly when stimulated with the faradic current and 
also with the galvanic current. With the faradic current the muscle stays con- 
' tracted during the application of the current; with' the galvanic current a sharp 
contraction occurs when the circuit is closed or opened, but there is no reaction 
while the current is passing through the muscle. Less current is required to 
obtain a contraction when the cathode is used or is applied to a muscle point 
than when the anode is used. Also the contraction is more evident when the 
current is closed than when it is opened. After its motor nerve is divided, the 
muscle ceases to respond to the faradic current after the lapse of from 4 to 7 
days. After the tenth day the usual contraction from the application of the 
galvanic current may be very hard to get. Instead, this galvanic current will 
induce a slow vermicular contraction, originating in the muscle where the elec¬ 
trode is applied to it, and a stronger current must be used to start this contrac¬ 
tion than is necessary to get contraction on the sound side. Also the muscular 
contraction comes with the closing of the circuit when the anode is applied to 
the muscle instead of the cathode. This failure of the faradic current to cause 
muscle contraction, with the change in response to the application of the gal¬ 
vanic current, is a condition to which the term “reaction of’degeneration” 
(R. D.) is applied. 

The length of time after division of the motor nerve that the muscles will 
still react to the galvanic current is variable and seems to depend mostly upon 
whether or not the contractile substance of the muscle still exists, in which case 
the response will come, or whether the muscle substance has undergone fatty 
and fibrous degeneration, so that no contractile substaflee remains, in which 
case there will be no response to any current. Often there will seem to be no 
response to the galvanic current at one time, and at a later time it will be 
present. This is accounted for on the basis that at times the resistance to the 
current' in the skin and subcutaneous tissues, which varies from time to time, 
prevents the stimulus from reaching the muscular substance. Some authors 
state that it is not safe to depend entirely upon the stimulation through the 
intact skin when the -question of treatment depends largely upon the findings. 
In cases where great issues depend upon the decision it is safer to cut down 
to the muscular substance and to apply the electrode direct. Cases are on 
record where, after 23 years from the time of nerve division, the muscles would 
still respond to the galvanic current. 
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Deformity Due to Nerve Injuries and the Besulting Paralysis. —It must bo re¬ 
membered that, in many of these subcutaneous divisions of nerves, the external 
nerve sheath may appear to be perfectly normal, but the nerve structures within 
may be completely divided and so damaged as to prevent reunion, regeneration 
and return of function, so that, in all cases, the nerve sheath should be split 
longitudinally and the nerve structures themselves examined for evidence of in¬ 
jury. With the damage to the nerve there appears paralysis of the muscles 
innervated by it. Muscles which are so paralyzed lose their tone and may 
readily be overstretched. On the other hand, the non-paralyzed antagonists of 
these muscles contract without opposition and before long undergo a process of 
organic shortening which will eventually hold the extremity in a deformed 
position. 

With the joints thus held for a long period in a fixed position, the ligamen¬ 
tous structures of the joint also become more or less fixed in such a way that, 
if power should return to the muscles, there would be mechanical fixation of the 
joints which would seriously interfere with the proper functioning of the ex¬ 
tremity. In very young children there is an additional element of disadvan¬ 
tage, because the bones of the paralyzed extremity neither grow to their proper 
size, nor do the joint ends develop as they would in a limb undergoing its 
proper range of motion and usefulness. It is, then, self-evident that, whenever 
groups of muscles are paralyzed, the extremity involved should ‘be put up in 
some form of retention apparatus, whether it be a plaster-of-Paris cast, ortho¬ 
pedic brace, or bandaging, which shall prevent the non-paralyzed antagonists 
from shortening through ovcraction, and at the same time prevent the paralyzed 
muscles from being overstretched by their antagonists. If the paralyzed 
muscle is thus overstretched for a long time, it may refuse permanently to 
fulfill its proper function and return to its normal length, even after the motor 
supply to the muscle is perfectly regenerated. Even if the muscle does finally 
regain its normal length and function, the time of recovery is greatly length¬ 
ened. In addition to using some method of fixation, the e.xtromity should bo 
taken out of the fixation apparatus once or twice a day and given massage, 
passive motion, and, if possible, electric stimulation. By these means the de¬ 
velopment of deformity will be prevented, the nutrition of the muscles will be 
kept at its best, and, when once regeneration has occurred, the muscular and 
bone apparatus will be in normal condition to functionate properly. 

This scheme of treatment should not only start at once after the incidence 
of the paralysis, but should be continued until voluntary motor power has 
returned sufficiently to prevent the development of deformities and over¬ 
stretching of the still partially paralyzed muscles. Operation may be looked 
upon merely as an incident between the onset of the paralysis and the return of 
voluntary motor power, and these means of physical therapeutics should cease 
only for a sufficient length of time to allow wound healing, and then be con¬ 
tinued postoperatively till recovery has ensued. Provided the extremity is thus 
cared for, the determination of the question as to whether operation should or 



OPEKATIONS ON THE PERIPHERAL NERVES 


545 


should not be done need not be decided with undue haste. However, it should 
be remembered that on general principles the earlier nerve repair is accom¬ 
plished, the more prompt and more satisfactory will be the result. 

Betum of Function after Operation.—One other thing, also, needs empha¬ 
sizing—that after operation with suture, as a rule, a considerable period of time 
must elapse before there will be any evidence of returning function in the dam¬ 
aged nerve. This period is rarely shorter than 3 months with regard to motor 
return and oftentimes may be as long as 12 months, depending upon the condi¬ 
tions and the success of the suture in the individual case. The return of sensory 
power is apt to start earlier—from G to IG weeks, but the complete return of 
sensation as well as of motor power may not occur for as long an interval as 2 
or 3 years, during which time the system of treatment previously outlined must 
be persisted in. 

A few cases have been reported in which motor power was said to have 
returned in muscles after "primary nerve suture” within a few days after 
operation. “Primary suture” may be considered as a nerve suture done before 
the onset of symptoms of degeneration of the peripheral end of the stump, i. o. 
7 to 10 days. Moat of these cases have been open to question, but recently, in 
conversation, Professor Foerster mentioned a case seen by him both before and 
immediately after operation, in which there was an undoubted return of motor 
power in the field of the sutured nerve within 2 or 3 days. This is a very rare 
occurrence, but it must be accepted as a faet. 

Causes of Failure in Operation.—The chief causes of failure in nerve operations 
lie in rough handling of the nerve alructiirea, improper choice of suture material and 
method, the failure to get good apposition, the failure to prevent connective-tissue 
ingrowth, and the failure to avoid infection. If infection occurs in the wound, failure 
is practically sure, because infection not only causes an infectious neuritis, but also 
results in the production of so much scar tissue as to prohibit the return of function 
in the nerve. 

Besults of Operation.—The results depend upon the careful following of 
technical details at the time of operation and also very largely upon the per¬ 
sistent systematic use of the various methods of treatment both before and after 
operation. In cases of nerve crossing or nerve anastomosis, to these methods of 
physical therapeutics must be added rciklucation of the new cortical centers in 
the control of the muscles which have been previously paralyzed. In the ma¬ 
jority of cases one must not expect a theoretically perfect anatomical and 
physiological result, especially in cases of anastomosis and nerve crossing. In 
end-to-end suture of the 2 parts of a divided nerve the final result may be so 
nearly perfect as to avoid detection of any defect except by most careful ob¬ 
servation. 

CoMMox Types of Nerve Injury 

Brachial Plexus Lesions —The traumatic Erb’s paralysis in the adult and 
the brachial birth paralysis of Erb’s type so-called, in new-born infants, are 
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essentially the same kind of lesion. This lesion results from the overstretching 
and more or less tearing of the primary nerve trunks of the brachial plexus. It 
is practically always brought about by the separation of the head and neck from 
the shoulder on the side in which the nerves are damaged. Figures 10, 11 
and 12 will indicate the slant of the nerves running from the spine to the arm 
and also indicate why pulling the shoulder away from the head and neck will 

damage the upper nerve trunk first, 
and why it is only in the more severe 
cases that the lower nerve trunks are 
also damaged. The lesions, both in 
the birth paralysis and the traumatic 
Erb’s paralysis in the adult, are of 
very common occurrence. The lesion 
involves one or more of the rootJ 
from above downward. It may con¬ 
sist of a single mass of scar tissue, or 
there may be several scattered areas 
of scar tissue which interfere with 
the function of the nerve trunk or 
trunks in which they aro situated. 
These lesions may be situated any¬ 
where between the surface of the 
spinal cord and the ultimate nerve 
trunks which pass off from the 
brachial plexus into the axilla. The 
lesions, especially in the upper roots, 
are very apt to be severe enough to 
persist permanently and interfere 
with nerve function. In a few cases 
the plexus is torn completely across 
and there results one large mass of 
scar tissue which prohibits any func¬ 
tion whatever in the roots of the 
brachial plexus. 

Many text-books say that these lesions, more particularly those of new¬ 
born infants, as a rule, get well spontaneously, but this, I am sure, from observa¬ 
tion in many cases, is far from the fact. On the cbntrary, only a small propor¬ 
tion of the cases get completely well spontaneously. All of them, after a time, 
show some degree of recovery of function in the lower roots of the brachial 
plexus, but in the great majority of them there will be a persistent defect in 
the fifth or in the fifth and sixth roots. In those few cases which do recover 
entirely spontaneously the return of function will begin very promptly, i. e. 
within a few days of birth, and bo complete in 3 months. 

As- a rule, if the lower roots as well as the upper are involved at first, one 



Fio. 10 .—Schematic Representation of Bra¬ 
chial Plexus. A is the spinal column from 
which the various roots which go to make 
up the plexus. These roots come together in 
the axilla a little to the inner side of the shoulder 
B. S is the suprascapular nerve which comes 
off from the outer edge of the junction of the 
C V. and C vi roots. It is obvious that any 
force that would increase the distance between 
A and B would put these nerves on the stretch, 
with the maximum strain coming on the upper 
root. Inasmuch as the suprascapular nerve 
comes from the outer edge of the nerve which 
first bears the maximum strain it is easy to 
understand why this nerve is always involved. 
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may feel confident that the upper roots have been so seriously damaged that they 
will show a permanent interference with function. In these infants the' testing 
of the muscles for the 


reaction of degeneration 
is of very little service 
and can bo accomplished 
only under anesthesia 
and after the child is 3 
months old. The test is 
therefore inadvisable. 
Sensory disturbances are 
not very extensive, nor 
are they of much mo- 
tnent. In case the fifth 
root alone is permanent¬ 
ly damaged, while there 
will be very obvious mus¬ 
cular paralysis, there 
will be no evidence of 
sensory disturbance, be¬ 
cause the fifth root car- 



Fio. 11.— Plexus Exposed by Means op Oblique Incision 
Across Base op Neck and Almost at Right Angles to 
Course of Nerves. This wound heals with loss scar. 1, C v; 
2, scalenus medius muscle; 3. C vi; 4, transversalis colli ar¬ 
tery ligated and divided; 5, suprascapular nerve; 6, external 
anterior thoracic nerve; J, omohyoid muscle; 8, C vii; 9, 
transversalis colli artery; 10, internal jugular vein; 11, sca¬ 
lenus anticus muscle; 12, phrenic nerve. 


ries no exclusive sensory supply to the skin. Where the sixth nerve is also per¬ 
manently damaged, there may be a small area of diminished sensibility over the 
deltoid region. In children, if these cases are neglected, there is failure of 
proper development in the muscles, ligaments, and the joint ends of the bones, 



Fig. 12.— Brachial Plexus Exposed by an Oblique Incision prom Junction op Middle and Lower 
Thirds of the Stbrnomastoid Muscle Down and Out to Junction op Middle and Outer 
Third of Clavicle. In this dissection a segment of the clavicle is removed to give a more dis¬ 
tal exposure of the plexus. The structures 1 to 12 are the same as in Fig. 11. 13, Suprascapular 

artery; 14, C viii and Di nerves; 16, nerve to subclavius muscle; 16, subclavian artery; 17, 
peotoralis major and minor muscles; 18, muscular branch. 




Fio. 13. —Rkirt Akm Shows Tyi'icm. Dkkokm- 
iTsr OF AN Old Neolkcted Severe Hiia- 
CHIAL Dirth Palsy. Xliis boy is ton years 
old. Note the smaller size of the shoulder 
girdle and extremity on the right side, the 
flattened shoulder, the inward rotation of 
the entire extremity, the flexure of the el¬ 
bow, and the marked flexion and ulnar ad¬ 
duction of the wrist. 



Fiq. 14. —This Shows Maximum Power op 
Elbvatino Hand Toward Mouth Before 
Operation. 



Fio. 15.—Nine Months After Operation— 
Note Improvement in Size and Position 
OF Hiobt Upper Kxtremity, Especially 
op Hand. 



Fio. 16.—Two Years and Seven Months 
After Operation Patient Could Raise 
Riqht Hand to His Mouth. 
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and deformities result from tlie contracture of the antagonists of the paralyzed 
muscles, which, in turn, are apt to he overstretched, d'hesc conditions under 
neglect give attitiuh^s characteristic, of this type of paralysis, as indicated in 
Figures Id to "21 inclusive.. 

In the adult these contracture's do not give the 
same degree of deformity, hecanse the e.xtreinity has 
been fully developed before tlie ineidenee of the 
nerve paralysis, (bigs. 24 and 2.1.) 

The musedes paralyzed fall into groups which 
correspond with the motor fibers located in the ditl'er- 
ent anterior motor roots (see big. 2(1, from Ivoelun-). 

TREATMENT PRECEDING OPERATION. —'I'he prin¬ 
ciples of treatment from the tiiiui of onset of paraly¬ 
sis until the time of operation have Ikh'ii ontliiu'd in 
the preceding section. Ida; arm or extremity should 
be put up in a support which shall entirely relax the 
muscles paralyzed in a given case, so as to pnn-ent 
their being overstretched. I f t,h(> hand on the para¬ 
lyzed side be placed on the hack of the patiemt’s head 
and held there, the relaxation of tlu^ ])aralyzed nnisch's is almost perfectly 
attained. Massage and electricity should not be applii'd to the.so cases for the 



Fig. 18.—X-ray Picture .Showing .Shoulder Girdle in a Four-year-old Boy who had .Sueferkd 
A RiaHT-siDKD Hrachiai, Hirth Pa[,hy. Note thu iiik-rfcruiicc with the growth of tho bones in the 
right side of the shoulder girdU;, and tho infantile typo of the shoulder joint. 

first <4 weeks after the injury, imismneh as a tranmatic neuritis, winch is apt 
to be aggravated by these proeednres, occurs in the brachial plexus. 

EARLY OPERATION IN INFANTS.— In infants operation is indicated in 
those cases which show serious damage to the braeliial jilexus and should be done 



Fig. 17.—Typical Deformity 
IN A ('niLD l.KHS Than Two 
Vearr Old. 
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Fio. 19. —Deformity Following Complete 
Rupture of Left Brachial Plexus. 
Instead of resembling the typical one as 
shown in Fig. 17, the deformity is that 
of a complete flaccid paralysis of the ex¬ 
tremity. Child, 11 montlis old. 


as soon as the general condition will war¬ 
rant the use of an anesthetic, whether this 
bo after 10 days or 3 months from the 
time of birth and the receipt of the injury. 

In those cases where no injury suffi¬ 
cient to demand nerve resection and su¬ 
ture is found, the operation results prac¬ 
tically in a simple exploration, with mere¬ 
ly a division of the skin and subcutaneous 
fat, practically no loss of blood, and a per¬ 
fectly clear view of all the nerves of the 
brachial plexus so that the surgeon may 
know just what he is dealing with and 
just what has to be done. This procedure 
involves practically no risk beyond that of 
the anesthetic. If damage is found its 
early repair gives the patient the best, 
prospect of satisfactory regeneration and 
there has been no undue loss of time. In 
the cases of moderate severity at the time 


of injury, it may be legitimate to wait for 3 months, provided the care of the 
extremity and muscles, as previously described, is properly followed up. 



Fio. 20.—Three Years After Repair of 
Plexus Child Was Able to Play with 
Left Arm and to Support a Heavy 
Doll with it. 



Fia. 21. —Three Years After Repair of 
Plexus Child Could Also Grasp a 
Light-weight Doll with Her Fingers 
AND Hold it out in Front of Her. 
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EXPLORATORY OPERATION IN ADULTS. —In adults, exploration should be 
done within a few days of the receipt of the injury, sufficient time being given 
for the tissues at the base of the nock to have regained their noniial resistance 
against operative attack and the possibility of infection. In these cases there 
is no risk involved and no time should bo wastt'd in waiting for the development 
of the electrical reaction of degeneration, inasmuch as the operation consists 



Fiob, 22 AND 23.— Traumatic Erb’.s Paralysis in Adult. This is the same, etiologically and path¬ 
ologically, as birth palsy, but as the extremity has attained full growth before the nerve damage 
occurs, the symptoms are chiefly those of paralysis and atrophy of the muscles involved. Note 
tho atrophy in the deltoid aud supraspiiiatus and infraspinatus. 


merely in the skin incision, followed by palpation and inspection of tho plexus 
and the opportunity for immediate repair of any discoverable damage. These 
procedures with a minimum loss of time will give the maximum result. 

OPERATIVE TREATMENT. —The patient is placed supine on the operating 
table, with a sand-bag under the neck and shoulders of such a size and so placed 
as to just catch the occipital protuberance when the head is turned to the op¬ 
posite side from the lesion and retracted somewhat so as to put the skin and 
muscles of the operative area somewhat on the stretch. 

The plexus may be exposed by either of 2 incisions. One starts just above 
the insertion of the sternomastoid muscle and passes outward and slightly up¬ 
ward across the base of the neck, following the natural wrinkles of the skin. 



Dtajikngm) 



Fig. 24.— Schematic Brachial Plexus Showing Relation or Nerve Roots to Nerve Supply of Peripheral Muscles, (After Kocher.) 
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The akm and underlying fat pad arc divided in the same line Hanallv the 

and <l'v.ded. With proper retraetion the nerves are pretty well eanoeed Thia 
wound falls together naturally and heals without any teLn vT^ 
sp-ad. Its disadvantage is that in widespread damage to the pta! t do^ 
not give complete exposure, especially in adults 



Fio. 25 .—An Electrode Which Can Be Sterilized by Boilino. It has flexible copper wire terminalB. 


structures as in the preceding case, although at a different angle (Figs. 11 
and 12). 

After retraction of the wound in either incision, the deep layer of cervical 
fascia normally lying just in front of the plexus is found thickened and ad^ 
herent to the underlying nerves. This is dissected away, thus exposing the 
roots and plexus, which are examined by sight, touch, and, if necessary, by a 
tiny electrode (Fig. 25), to detect the presence of cicatrices which prevent nerve 
regeneration and the passage of nerve impulses. 

The cicatrices are removed by transverse section of the nerves above and 
below at such levels as expose normal looking nerve bundles in the divided nerve 
ends. It is sometimes necessary to make several sections before getting a satis¬ 
factory looking end. It is wise to take off fairly thin segments until good 
fasciculi are exposed, so as to save as much nerve length as possible for the ap¬ 
proximation. In the distal nerve trunk one can always get a satisfactory look¬ 
ing end by going far enough. In the proximal end,- however, the cicatrix some¬ 
times extends up into the intervertebral foramen. These exceptional cases will 
be considered later. 

When the nerves have been properly prepared, end-to-end suture should 
follow. The best suture material in adults is fine, strong silk, because it is de¬ 
pendable. On opposite sides of the nerve, about I /2 cm. from its freshened end, 
are passed 2 sutures transversely to the long axis of the nerve, and including 
mostly nerve sheath. Each suture is tied so as to get a firm hold, and the ends 
are left long. The other freshened nerve end is treated in similar fashion and 
the 2 are approximated by tying the lateral sutures of the one to the other. One 
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or 2 fine catgut sutures at the periphery will 
complete the apposition. 

Another method of suture which is satis¬ 
factory, especially where there is not too-much 
tension, consists in passing a loop of chromic 
catgut through both nerve ends and tying them 
together. This is quicker and simpler, but has 
the disadvantage of perforating the nerves as 
well as not being quite so dependable. This, 
however, is the only feasible method in infants. 

While the nerve sutures are being tied the 
neck and shoulder are approximated. The fat 
pad is allowed to fall into place, and the skin 
wound is sutured 'with silk. No drainage is 
used. 

The approximation of the neck and shoulder 
is maintained by means of a steel brace espe¬ 
cially designed for these cases and fitted pre¬ 
vious to operation so that it can be slipped on 
just after the nerve sutures have been tied and 
thus prevent any chance of tearing them out. 

This brace (Eig. 22) is worn continuously, 
without a moment’s intermission, for 6 to 12 
weeks, according to the individual case. 

In those cases where the cicatrix extends up 
into the intervertebral foramen, a modified procedure is necessary. The cica¬ 
trized root may be split longitudinally up into the foramen, and if good nerve 
bundles are exposed above, the distal end 
of the nerve may be sutured into the cleft, 
with the hope that good union will occur. 

If the split cicatrix does not reveal good 
bundles above, the only thing left to do is 
lateral anastomosis of the distal nerve trunk 
into a neighboring sound root. 

In those cases where the roots have been 
torn from the cord, lateral anastomosis is 
the only thing to be done, if any of the 
neighboring roots are still functionating. 

Where considerable lengths of nerve 
roots must be resected to get beyond the 
cicatrices and the ends cannot be closely ap¬ 
proximated, it will be found necessary to 
tesort to nerve bridging or the procedure next mentioned. 

When the entire plexus is badly tom, and the freshened nerve ends cannot 



Fio. 27. —Head, Neck and Shoulder 
Held in Close Approximation Dur- 
iNQ Healino, 80 Pbbvbntinq any 
Strain on Nerve Sutures. 



Fia. 26.— Leather-covered Steel 
Brace Made for Each Operative 
Case 1 is a channel to hold the 
foiearm and hand. 2 is a shoulder 
pad which fits over the scapula and 
prevents the shoulder from being 
displaced backward and so causing 
strain on the nerve sutures. 3 is a 
band which encircles the head and 
to which a cloth skull cap is sewed 
so as to hold the head down where 
it belongs. A chin-strap prevents 
the child from wriggling out from 
under the head-piece. The arm 
and .forearm are fixed in the brace 
by roller bandage. 
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be^rought together, a subperiosteal resection of the middle third of the clavicle 
will permit very greatly increased approximation of the nerve ends. This would 
greatly increase the chances of regeneration, and certainly an extremity with a 
damaged clavicle, which will, nevertheless, move, is very much to bo pre¬ 
ferred to an anatomically complete extremity which is permanently paralyzed 
(Fig. 12). 

POSTOPERATIVE . TREATMENT. —^Whcii the proper time for the removal of 
the brace has arrived, the extremity may bo placed in an ordinary triangular 
sling supported by the sound shoulder, and so adjusted as to elevate the para¬ 
lyzed shoulder. The brace and sling not only prevent the paralyzed extremity 
from dragging on the nerve suture, but al.so prevent the weight of the extremity 
from overstretching the paralyzed muscles and thus prolonging their period 
of inactivity even after nerve repair has occurred. 

When the change from brace to sling has been made, the extremity may bo 
given massage, passive motion, electricity, etc., every day, being taken from 
the sling for that purpose. Procedures which would pull the shoulder away 
from the neck on the operated side should be avoided for many months. 

At any time after 3 months from operation, voluntary motion may begin to 
appear in the paralyzed muscles, and as they regain their tone, the sling may 
be discarded. With the return of voluntary motion, the patient should bo en¬ 
couraged to take systematic exercises for the development of the muscles. 

INJURIES BELOW THE CLAVICLE. —Injuries to the brachial plexus at a 
level below the clavicle arc most frequently due to dislocations of the shoulder 
with traumatism by the head of the humerus to the nerve trunks in the axjlla, 
to pressure from the arm pieces of crutches, or to the injudicious use of the 
foot in the axilla in the process of reducing a dislocated shoulder. As a rule, 
these injuries undergo spontaneous recovery after a greater or less length of 
time, and only the methods of tentative physical therapeutics are indicated. 

Injuries to the Suprascapular Nerve.—The suprascapular nerve is injured 
in all of the brachial birth palsies and in all of the brachial paralyses of Erb’‘a 
type in adults. Its fibers run on the outer edge of the fifth cervical nerve and 
therefore in all of the stretching injuries it is the first to bear the brunt of tho 
injury which causes paralysis of the spinati. This paralysis has much to do 
•with the peculiar deformity at the shoulder on attempts to raise the arm and 
with the inability to place the hand upon the head because of tho loss of extemaL 
rotation of tho humerus. 

Falls upon the shoulder suffered by many laboring men past middle life re¬ 
sult in inability to use the shoulder and show paralysis of the deltoid. A care¬ 
ful examination will usually show that the suprascapular nerve has also l^n 
damaged. Such injuries are almost always due to damage of the upper nerve 
root of the brachial plexus rather than to injuries of the shoulder joint itself, 
although there may be complicating joint adhesions after some little time. If 
the paralysis persists, the upper portion of the brachial plexus should be ex¬ 
plored and if the suprascapular has suffered damage, it should be repaired in 
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the manner already described in brachial birth palsy, i. e., either by end-to^d ' 
suture or anastomosis with a neighboring nerve. (Eigs. 24 and 25.) * ■' 

The circumflex nerve also derives its fibers from the fifth root and most of 
the deltoid paralyses which are attributed to damage of the nerve in its 
peripheral distribution, are really due to a stretching injury to the fifth cervical 
root. In these cases, the patient is usually beyond middle life and not in good 
condition fo# operation in other respects, and it is not desirable to operate upon 
the nerve unless exceptional circumstances demand it. Often neighboring mus¬ 
cles can be trained to give sufficient abduction to fulfill most of the patient’s 
needs. 

Injuries to the Musculospiral Nerve.—The .musculospiral nerve is more fre¬ 
quently injured in fractures'than any other nerve, and the site of the injury is 
most frequently near the lower part of the humerus, as the nerve winds 
obliquely around the bone. These injuries are usually of the type of contusions, 
although the nerve is sometimes lacerated by the bone fragments and may very 
rarely be torn across. The nerve may be injured at the time of the fracture, 
or during the first few weeks afterward from pressure, though involvement in 
the bony callus thrown out. 

If the nerve is injured in the lower portion of the arm below its external 

cutaneous branch, there will be no sen¬ 
sory disturbances, because below this 
point the musculospiral furnishes no 
exclusive sensory supply to the skin, but 
there always occurs a more or less com¬ 
plete drop wrist (Eig. 28). This nerve 
is also the one which suffers from what 
is known as “anesthesia paralysis” 
when the arm is carelessly allowed to 
hang over the edge of the operating 
table and the nerve suffers paralysis 
from direct pressure continued for some time. It is also the nerve which is 
involved in the so-called “Saturday-night paralysis,” or paralysis duo to sleep¬ 
ing with the arm folded under the neck. This nerve is frequently paralyzed, 
also, by the pressure of a crutch in the axilla. 

The prognosis in these cases is usually good. Many of the injuries are of 
such moderate degree as to undergo spontaneous regeneration and return of 
function. In a case where the nerve is more severely injured and nerve suture 
is indicated, the results are good in a larger proportion of cases than in the 
suture of the other nerves of the arm, perhaps largely because the muscles sup¬ 
plied by this nerve do not perform the finer movements of the hand as do the 
muscles supplied by the median and ulnar. 

If at the time of fracture there is an open wound—in other words, a com¬ 
pound fracture—the nerve should be explored and, if found sufficiently injured, 
should at once be sutured, end to end, after resecting the damaged segment. 



Fio. 28.—Characteristic Wribt-drop Re- 

BULTINO FROM MUSCULOBFIRAL PaRALYBIB. 
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Otflbrwise it may be surrounded by Cargile membrane to avoid adhesions and 
left* alone. If the fracture is simple and there are evidences of serious inter¬ 
ference with nerve function in the musciilospiral, it is advisable to explore the 
nerve after allowing a few days to elapse so that the tissues may regain their 
resistance against infection. Some men advise waiting for 10 to 14 days and 
are then guided by the presence or absence of the reaction of degeneration. If 
the reaction of degeneration develops, exploration is essential. If the muscles 
do not show the reaction of degeneration, tentative treatment for a longer period 
may be justified. Sometimes the nerve is not sufficiently damaged to cause 
reaction degeneration, but is so lacerated that later scar formation will pre¬ 
vent a large portion of it from functionating properly, so that operation is 
necessary later. In any case, the bony fragments should be carefully aligned 
and the extremity put up so as to avoid overstretching of the paralyzed 
muscles. 


OPERATIVE TREATMENT. —When operation is necessary, posterior longi¬ 
tudinal incision is made through the muscle down to the site of the fracture 
and the nerve is explored. If there is evidence of much damage, the damaged 
portion of the nerve is resected and end-to-end suture done. If the nerve seems 
to be in fairly good shape, but is being compressed by a bone fragment or in¬ 
flammatory infiltration, the bone fragment may be trimmed and the nerve pro¬ 
tected by Cargile membrane. 

In many cases the paralysis occurs gradually some little time after the frac¬ 
ture. This always indicates compression and usually this compression is due 
to involvement of the nerve in the callus. As soon a§ symptoms of this diffi¬ 
culty appear the nerve aliould be exposed and freed from pressure, protected by 
Cargile membrane and, if necessary, transplanted a short distance away from 
its original site, to avoid the recurrence of pressure. It usually takes about a 
year for the return of function. 

Injuries to the Ulnar Nerve. —just above the wrist.— The ulnar nerve 
is moat frequently injured just above the wrist joint, very frequently as a 
result of a broken window pane or 
other accidents of this type. Usu¬ 
ally the wound is a ragged gash 
■which involves not only the ulnar 
nerve, but also most of the tendons 
on the ulnar side of the wrist, as 
well as the ulnar artery. The ul¬ 
nar nerve is never divided alone, 29.—Ttpical Deformitt REsm/nKa raoM 



but always in conjunction with 
some of the tendons. Not infre- 


Ulmar Paralysis. 


quently these wounds are closed without an appreciation of the fact that the 
nerve has been divided, consequently there is no union and a permanent paraly¬ 


sis of the portion of the ulnar nerve beyond the section. This leads to atrophy of 
the i»tri»pie muscles of the hand and gives a characteristic deformity (Fig. 29), 
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In all Buch injuries, the nerve should bo carefully sought out and when diviked 
should be most carefully sutured end-to-end. In primary sutures, the results are 
usually pretty*good, and the return of function may be expected to occur in from 1 to 2 
years. In secondary suture the operation is much more difficult and the chances of 
success are greatly diminished, although here, even if motor power does not return, the 
sensory disturbances, and particularly the trophic disturbances, will be greatly lessened 
as a result of the secondary suture. 

AT THE ELBOW. —Another site at whieh the ulnar nerve is frequently in¬ 
jured is at the elbow, where it passes behind the inner eondyle of the humerus. 
At this site, the nerve may be dislocated from its groove by excessive muscular 
acticfti in people with an exaggerated valgus angle at tlie elbow. Full flexion is 
apt to cause a dislocation or a partial dislocation of the nerve trunk. If this 
happens frequently, it may lead to irritation of the nerve and to a chronic pro¬ 
ductive neuritis. 

Often a fall upon the elbow, or an occupation which involves continuous pres¬ 
sure upon the inner aspect of the elbow, will cause a similar productive neuritis. In 
many patients who have suffered fracture of the internal condyle followed by persistent 
valgus deformity, the nerve may be injured and dcvplop a chronic interstitial neuritis. 
In all of these instances, the symptoms consist of tingling and paresthesia, with a 
greater or less amount of pain and a greater or less amount of disturbance of the motor 
function of the nerve below the elbow. In eases of fractures of the internal condyle, a 
number of cases are on record where the injury occurred during childhood, but the 
symptoms of ulnar neuritis at the elbow did not develop for many years, sometimes 
26 or 30 years after the original injury. In these cases the muscular atrophy and pare¬ 
sis resembled pretty closely those due to progressive muscular atrophy, and these cases 
are usually mistaken for that disease. Another curious thing, whieh has been noted 
by Spiller and others, is that occasionally in these cases there will also be an atrophy 
of the corresponding intrinsic muscles of the opposite hand. This is not easily ac¬ 
counted for, but has been observed to exist, and with the repair of the damaged ulnar 
nerve, both hands have shown improvement. 

Of course, such a bilateral involvement is very apt to lead one astray in the 
diagnosis, and this is more particularly so as the evidence of nerve impairment 
begins so many years after the receipt of the injury. 

One might, also, in this connection, refer to the interference .with ulnar 
function in the case of cervical ribs. Here, also, the evidence of nerve disturb¬ 
ance does not appear for many years, although the cervical rib has, of course, 
been present during the entire life of the patient. 

In all of these cases of interference with ulnar function at the elbow, the 
nerve should be exposed there by a longitudinal incision over its course, the 
aponeurotic wall over the canal should be divided, and the nerve elevated for 
inspection and palpation. As a rule, in these cases, there will be found a dis¬ 
tinct bulbous thickening of the nerve, usually just behind and a little below the 
condyle, which bulb is due to a chronic interstitial neuritis.. It may con¬ 
tain more or less nerve fibers or the trouble may have progressed to a point 
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where the bulbous mass is almost entirely connective tissue. Of course, the 
symptoms in the individual case will depend, upon the stage to which the 
neuritis has developed. With complete replacement of nerve by fibrous tissue, 
there will be complete loss of function. In the cases with very marked impair¬ 
ment of function and, of course, in all cases with complete loss of function, the 
bulbous mass should be entirely resected. In the case of fractures with. k 
resulting prominent internal condyle, or where the internal condyle is naturally 
oyerprominent, the groove for the ulnar in the bone should bo deepened and 
carefully smoothed, and the ulnar nerve wrapped in Cargile membrane and laid 
back in the groove. The aponeurotic covering of the canal is then sutured over 
it and the limb is put up in a splint in complete extension, in order to relax the 
drag on tho nerve suture. i, 

In cases where the interstitial process has not advanced very far and where 
there is only a beginning interference with motor control and ,a mod^ato 
paresthesia, the bony canal should be deepened, the nerve sheath split‘longi¬ 
tudinally to relieve tension, Cargile membrane wrapped around it, apd Ithe 
nerve replaced in its deepened canal and treated as above. •» 

Injuries to the Median Nerve.—Tho median nerve, like the ulnar, is most 
frequently injured just above the wrist by broken glass, incised- wounds, etc. 
The symptoms arc generally sensory and confined to the palm of tho hand, but 
there is also a paralysis in tho abductor opponens group of muscles and the 
outer 2 lumbricales. 

With a section of this nerve just above the wrist, there is usually combined 
a section of some of the tendons, although this nerve iseo superficial that it may 
occasionally bo the only structure divided in addition to tho skin and sub¬ 
cutaneous tissues. After the diagnosis is made, primary suture should be done 
in all cases. After primary suture the prognosis is good and tho return of 
power should be expected in about 10 months^ After secondary suture, it is 
likely that sensibility will not become perfect, but the return of power in the 
muscles involved is apt to be good. 

Another site at which the median is sometimes damaged is just above the 
elbow, where it is likely to be injured by ono or the other of tho fragments in a 
supracondylar fracture of tho humerus. The types of injury are quite similar 
to those in the musculospiral nerve and if the symptoms of damage persist long 
enough for reaction of degeneration to occur, exploration and repair are indi¬ 
cated. 

Injuries Affecting the Median and ITlnar Nerves.—The median and ulnar 
nerves are very apt to be injured simultaneously, especially in injuries just above 
the wrist, in which most frequently the ulnar is completely divided and the mediau 
only partially divided. The symptoms are a combination of those resulting from tho 
2 individual lesions previously dcscrib^. The treatment should be along the lines 
there laid down. 

Another type of injury in which these twm nerves are both interfered with, 
is that known as Volkmanns ischemic paralysis. This condition usually follows 
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fractures near the elbow, either of tho humerus or of the bones of the forearm, 
and is essentially a condition of muscular damage, presumably as a result of 
splints which are too firmly applied and possibly, also, because of some inherent 
lack of resistance in the patient. Tho muscles undergo an acute degenerative 
process which results in their transformation into hard, fibrous tissue, giving the 
peculiar deformity of this type of injury (Fig. 30). 

In many of tho cases there de¬ 
velops evidence of damage to the 
nerves which, as a rule, is observed 
only after some few weeks and is 
probably the result of external 
compression by the cicatrized mus¬ 
cle tissue, although the nerve dam¬ 
age may be primary and in that 
case should have been noted at the 
time of the original injury. With 
stretching of the muscles and the 
use of hot baths and massage, fre¬ 
quently the firm fibrous mass may 
be made to become softer and 
more pliable, so that the fingers 
can bo extended. With this im¬ 
provement, there will usually re¬ 
sult a disappearance of the symp¬ 
toms of nerve pressure. If the 
nerve symptoms do not improve, 
it may be necessary to cut down 
upon the nerves in the upper portion of the forearm, free them from surround¬ 
ing compression, and protect them from a recurrence. 

Injuries to the Cauda Equina_ anatomical considerations.— d'he spi¬ 

nal cord ends in the adult at the lower level of the first lumbar vertebra. The 
portion of the cord below the twelfth dorsal vertebra is known as the conus 
medullaris. The lumbar and sacral roots arise from the sides of the lower end 
of the cord close together, then pass downward and make their exit from the 
dural canal considerably below the level of their origins. The third sacral root 
leaves the cord just at the upper end of the conus. The ganglia of the posterior 
roots of these nerves lie extradurally, therefore intradural damage of the pos¬ 
terior roots leads to permanent degeneration. 

CAUSES. —Tho cauda equina is injured, as a rule, by fractures or fracture 
dislocations of the lumbar or dorsolumbar. spine. Below the level of the first 
lumbar vertebra, the injury usually involves the cauda alone. Above that level 
the conus medullaris is also very likely to suffer injury, although it is possible 
that an injury as high as the eleventh dorsal vertebra may involve only the 
nerves of the cauda. Occasionally there will result evidences of injury to the 



Pio. 30 .—Ttpical Deformity in Volkmann’s Is- 
CBEHic Paralysis (Left Hand). Note the differ¬ 
ent position of the thumb as compared with Fig. 
29. 
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caiida equina without any obtainable evidence of bone injury, altliough this is 
a rare occurrence. These cases practically all make a spontaneous recovery. 

EESULTS. —In injuries of the canda alone, sensory symptoms are devel- 
opeji in the area of the third sacral roots and those below. This gives a saddle- 
shaped area of sensory disturbances involving the buttocks and perineum 
(Fig. 31). 

There is paralysis of muscle groups according to the anterior roots damaged, 
and the paralysis is of the peripheral type. Often the paralysis is asymmetri¬ 
cally distributed on the 2 sides. 

In injuries both of the caucia alone and of tlic eomis alone, there is paralysis of the 
bladder and rectum, resulting in retention of urine and incontinence of feces. In in¬ 
juries involving the conus 
alone there is a small area 
of anesthesia over the coccyx, 
in addition to the paralysis 
of the bladder and reetum. 

After a few months, lesions 
involving the eauda will 
show improvement, espe¬ 
cially in the motor disturb¬ 
ances. If the posterior roots 
have been damaged sufR- 
ciently to cause degenera¬ 
tion, the sensory disturb¬ 
ances will be permanent be¬ 
cause the injury has oc¬ 
curred between the trophic 
center, which is the gan¬ 
glion of the posterior r()ot, 
and the spinal cord. On 
the whole, prognosis is not 
very good. While the ma¬ 
jority of cases of pure 
caudal injury show im¬ 
provement, they very seldom 
progress to complete recov¬ 
ery. When the conus has been damaged, the symptoms are apt tp remain per¬ 
manent. 

TREATMENT. _In those cases with symptoms of caudal and combined conus 

and caudal lesions, where the X-ray pictures show injury to the bony spine, 
laminectomy should he done at once, and such damage as is found, repaired, 
i. e., by end-to-end suture of divided or crushed motor roots, release from bony 
pressure, etc. Delay in the presence of continuing pressure may cause complete 
and permanent degeneration of the posterior roots, with corresponding perma¬ 
nent aensorv disturbances. 

In these cases, bilateral laminectomy is to be preferred, as the injury is 
bilateral and the manipulations require extra space. In late cases, when paraly- 
87 



Fio. 31. —Senboky Supply or Perineal Region. 
(After Cushing.) 
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sis of the bladder and rectum have persisted, it is feasible to do intraspinal 
anastomosis, using a root or roots from above the site of injury, dissected for 
some distance extraspinally and pulled back within the dura (this to get the 
additional length of nerve necessary), and then anastomosed end to end with 
the third and fourth sacral roots, which have been divided at their exit from 
the eord and raised to meet the sound roots. One successful case by the use of 
this procedure has been reported by Frazier (11). 

The suggestion has also been made of using this sort of nerve anastomosis 
for getting around transverse injuries of the cord. One of the chief difficulties 
in this type of nerve anastomosis is the very great tendency toward connective- 
tissue formation within the dura and resulting interference with proper re¬ 
generation in the 2 nerves sutured. 

Injuries to the Great Sciatic Nerve.^ —Injuries to this nerve are infrequent, 
except in war, where they arc very common. It may be injured in fractures 
of the pelvis, during manipulations for reducing a dislocated hip and especially 
in the manipulations for reducing congenital dislocations of the hip. Usually 
these injui'ies are only partial, and spontaneous recovery ensues after a con- 
siderabla interval of time. 

The great sciatic divides into the external and internal popliteal nerves just 
above the popliteal space. It is an interesting fact, however, that the 2 nerves 
run entirely separate right up to the sacral plexus and are simply bound to¬ 
gether by an external sheath. Although there is no known reason for it, it is 
a fact that the external popliteal nerve suffers damage far more often than the 
internal popliteal. In gunshot wounds it is the portion of the great sciatic 
damaged in about 90 per cent, of the eases. The symptoms will depend upon 
the extent of the damage and will, of course, involve paralysis of the muscles 
whose nerve supply has been cut off; they will vary in the degree of loss of sensi¬ 
bility with the amount of nerve damaged, and also aecording to the site of the 
nerve damaged. Where the damaged portion of nerve is resected and end-to- 
end suture done, the first muscular return occurs, as a rule, in the hamstring 
muscles, in about a year. In 2 years, the leg muscles begin to show voluntary 
power, and complete recovery may occur after 3 years. In general, the return 
of function in the great sciatic is very much less prompt and less perfect than 
in cases of nerve damage in the upper extremity. For this reason the greatest 
care should be exercised to follow all the details of perfect technic, both at 
the time of operation and in the after-care, in order to get the best restilt pos¬ 
sible in the individual case. 

The internal popliteal nerve is seldom damaged, but when it is damaged 
and then repaired, its recovery is more prompt and more satisfactory than is 
that of the external popliteal. 

The external popliteal nerve is usually injured just as it winds around the 
neek of the fibula. It often suffers from pressure damage as a result of ill- 
adjusted leggings or from falls into holes, where the leg is jammed, etc. In 
these cases, the damage is usually one of severe pressure, often accompanied 
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by laceration of the norvo trunk. This type of injury is very apt not to 
undergo spontaneous regeneration. The paralysis may be complete or may in¬ 
volve only a portion of the muscle supply, according to the extent of injury to 
the nerve. In these cases the indication is always to do immediate exploration 
on discovery of the paralysis. As a rule this can he done readilv uiuhn’ local 
anesthesia, the condition of the nerve determined and the proper means of re¬ 
pair adopted. 

The other nerves of the lower extremity are rarely damaged, except in gun¬ 
shot or stab wounds, in which case the wound should be enlarged and the nerve 
sutured. 

See also Operations for Relief of Pain. 

OPERATIONS FOB TUMORS OF NERVES 

False Neuromata.—Ihc nerve sheaths arc often, either insi<le or out, the seat 
of fibroma, sarcoma, or other new growth, which may seem to he a i)art of the 
nerve, although in reality the fibers pass through the tumor 
or beneath it and g('t around it, so that these! growths are, 
therefore, not essentially tumors of the nerve tissue. These 
are known as false neuromata hecau.se they do not contain 
nerve cells or nej-ve fibers. They may cause Jierve symp¬ 
toms as a result of tins pressure of the tumor causing .sec¬ 
ondary degcuieration of the nerve. The .symptoms will he 
those resulting from eoinpre.ssion of the nerve. 

True Neuromata.—True tumors of the nerves, known 
as neuromas, consist of nerve fibers which may he medul¬ 
lary or, more often, nou-uKidullary, and are without nerve 
cells. In many of the tumors there is so much tibrous ti.s.suo 
that they are called neurofibromata. Neurofibromata are 
very apt to be multiple and in the majority of cases may 
run up into the hundreds. In one case, reported by Prud- 
den, there were 1,000 tumor.s. As a rule, the tumors are 
small—about cm. in diameter—but occasionally they 

grow to be of a diameter of 10 cm. Soiw^tinies they appear 
on the sensory nerves of the .skin and in these ca.ses may he 
readily felt and are usually tender. These tumors are often 
designated as fibroma inoUusca, or luhercula dolorosa. 

Another form of nerve tumor is what is known as plexi- 
form neuroma, this type being found most frequently about — Mcltipl® 

the head, face and neck. It consists of a great enlargement Starr.) 
and plexiform arrangement of nerve fibers, which are not painful nor sensitive 
to touch. 

Treatment.—In most cases the multiple neuromata cause no symptoms un¬ 
less they become large enough to cause pressure, in which case pain and, possi- 




564 


PERIPHERAL AND CRANIAL NERVES 


bly, motor disturbances result. These neuromata cannot be removed because 
they are so numerous. Occasionally neuromata of large size are removed to 
prevent the mechanical disturbances arising from their size and situation. 

In removing false neuromata the nerve sheath should be split longitudinally, 
the tumor grasped and the nerve bundles dissected away from it very carefully, 
so as to cause minimum damage to them. In true neuromata involving the 
nerve tissue proper, where removal is necessitated because of pain or motor 
paralysis due to pressure, transverse section above and below the tumor should 
be followed by immediate end-to-end suture. 

In some of the neurofibromata there may occur myxomatous, cystic or sar¬ 
comatous degeneration. With tlxe development of sarcoma, pain and paralysis 
are apt to appear from pressure. Of course, sarcoma must be removed, but is 
very apt to recur elsewhere. 

. The neuroma which develops at the end of a divided nerve in an amputa¬ 
tion stump is usually the result of long-continued moderate irritation. These’ 
neuromata are usually painful and very tender to the touch. If nerves at the 
time of amputation were resected sufficiently high, neuromata would not form. 
Once painful neuroma has occurred, the only treatment is incision down to and 
excision of it and as much of the nerve trunk as is feasible. 


OPERATIONS ON THE CRANIAL NERVES 

Surgical interference is indicated in disturbances of the cranial nerves re¬ 
sulting in great pain, as in trigeminal neuralgia; in motor disturbance, as in 
facial palsy; and in certain other functional disturbances, as in persistent 
tinnitus aurium, and in a certain small number of cases in which the gastric 
crises of tabes seem to have their origin in pneumogastric disorder. 

The first four cranial nerves will not be considered here inasmuch as their 
disturbances are either non-surgical or result indirectly from the pressure of 
neighboring lesions, the treatment of which will be considered under the section 
on the skull and brain. 


FIFTH OBANIAI. KERVE 

Trigeminal Nerve 

The fifth cranial nerve, or trigeminal, as it is frequently called, has stimu¬ 
lated more surgical interest and the development of more ingenious technic 
than any other nerve in the human anatomy. 

The indication for surgical interference is always intractable unbearable neuralgia, 
and this has usually existed, either persistently or in attacks which occur more fre¬ 
quently as time goes on, over long periods of time. 

Anatomical Considerations. —The nerve arises by a small anterior motor and a 
large posterior sensory root, which emerge close together from the pons above its cen¬ 
ter, run forward to the upper edge of the petrous bone, where they pass through an 
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opening in the dura above the internal auditory meatus, and then between tho dura and 
petrous bone to the depression near the apex of the petrous bone in which the Gasserian 
ganglion is ensconced, and which is usually just internal to the entrance of tho middle 
meningeal artery to the skull. Only the sensory root enters the ganglion. Tho motor 
root lies under the ganglion, pa.sses out of the skull, and then joins the inferior maxil¬ 
lary branch from the ganglion. 

Tho di^a splits so'as to ensheath tho ganglion, which is kiid also to have another 
thin envelope in immediate contact with its surface. The blood supply to the ganglion 
comes chiefly from beneath. 

Ftom the ganglion arise 3 sensory trunks. 

THE OPIITIIALMrc. —The upper or ophthalmic trunk runs forward along 
the cavernous sinus and divides into 3 branches which enter the orbit through 
the sphenoidal fissure. The lachrymal branch has no surgical interest. The 
frontal braneh emerges from tho orbit in 2 parts, tho snpra-orbital, which 
passes through the foramen of the sanu! name, iind the supratrochlear, which 
emerges nearer the median lino. These 2 between them supply sensation to tho 
integument of the forehead and cranium as far back as the occiput. The nasal 
branch enters tho cranial cavity from the orbit through the anterior ethmoidal 
foramen and then passes into the nasal cavity through the cribriform plate. It 
supplies sensation to the upper anterior mucous membrane of the nose and to 
the tip and ala of tho nose o.xternally. 

THE SUPERIOR MAXILLARY. —The superior maxillary, or second division, 
passes forward through tho foramen rotundum, across tho sphenomaxillary 
fossa,• through the sphenomaxillary fissure into the infra-orbital canal, from 
whicK its terminal br^ches emerge at the infra-orbital foramen. In its course 
it gives off branches which supply sensation to the mucous membrane of the 
cheek, palate, pharynx, and nose, to the teeth of the upper jaw, and to the skin 
of the nose, cheek and temporomalar region. 

THE INFERIOR MAXILLARY. —Tho inferior maxillary,, or third division, 
passes downward through the foramen ovale and is joined just outside tho skilll 
by the motor root. This combined nerve then divides into an anterior branch, 
almost entirely motor, which inncrvatcs»thc mmscles of mastication, and a pos¬ 
terior branch, almost entirely sensory, which supplies sensation to the auriculo¬ 
temporal region, the lower face, the tongue and floor of the mouth through tho 
lingual nerve, the tooth and integuments of the chin through the inferior dental. 

Indications for Treatment.—Concerning the choice of methods in treatment, 
there will always be discussion, but there is unanimity in the feeling that med¬ 
ical treatment should always be given first chance, and that with it should always 
be combined careful attention to the mouth (especially to the teeth, with regard 
to erosion of the enamel or the presence of pyorrhea), to the nasal cavity and 
accessory sinuses, and to the contents of the orbit, to eliminate any causes of 
reflex disturbances and pain. 

Such treatment should be reasonably prompt and durable in its effect. If, in spite 
of it, the attacks of pain become more frequent or more severe or both, then some fur- 
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means of relief should be given while the patient is still in good general condition, 
before any of the disastrous drug habits, of which these patients are so commonly 
victims, have been fixed. 

When the time for surgical interference has arrived a variety of methods is 
presented for choice. These methods vary inversely as to the risk involved and 
the prospect of permanency of relief from pain. 


PERipjrKRAL Operation 

When the pain is distinotly peripheral and is confined to one branch of the 
nerve, many men, notably Mosehcowitz, believe that permanent relief may be 
given by a properly performed peripheral operation. Tn general the steps of 

the peripheral operation consist in the exposure of 
the nerve at its forainen of exit, its slow avulsion 
by the Thiersch method, and then the interposition 
of some obstruction to the reunion of the central 
Fig. 33.-^ilveh^Rivbt8. (After distal ends of the nerve if regeneration occurs. 

The avulsion method consists in freeing the 
nerve, at its foramen of exit, from surrounding 
connective tissues, then grasping it with a eurved elamp, and then very slowly 
twisting it about the clamp so as to put the central end on the stretch. After 
this slow, steadily increasing strain is applied for soi^e minutes, the nerve 
breaks centrally and some few centimeters come away. The twist is now re¬ 
versed, and the peripheral portion of the nerve removed in similar fashion. 
The fifth nerve is notoriously inclined to regenerate and cause a return of pain 
so that this removal of a long stretch of nerve is important if a permanent result 
is to be hoped for. 

In addition to the avulsion, regeneration may be further prevented by plug¬ 
ging the foramina of exit with a foreign body, of which the most satisfactory 
seems to be the silver rivet of Moschcowitz, made in different sizes and with a 
malleable head which can be moulded to fit the bone surrounding the foramen 
(Fig. 33). The soft tissues are closed over the rivet with layer sutures and the 
wound dressed without drainage. 

On the Snpra-orbital.—The first division of the jierve is very rarely the seat 
of neuralgia, which is fortunate, since this method is not well adapted to the* 
Bupra-orbital, which is the only important accessible branch, since its exit is 
through a notch rather than a foramen and there is no satisfactory method of 
preventing reunion. When this nerve is to be exposed for any reason, the 
inoision is made in the eyebrow, parallel to its long axis, just above the supra¬ 
orbital notch, which is easily felt. The incision carried through the soft tissues 
exposes the nerve lying upon the bone and running at right angles to the line 
of incision (Fig. 34). 
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This is avulsed in the manner previously described, add the wound closed 
without drainage. 

On the Superior Maxillary. —The second branch from the ganglion, the su¬ 
perior maxillary, is often the primary seat of neuralgia. When the pain is 
distinctly peripheral, avulsion at the infra-orbital foramen may bo indicated. 
When the pain primarily involves the molars of the upper jaw, it indicates that 
the disease is well back in the main trunk of the second branch and that, there¬ 
fore, avulsion of tiie infra-orbital is not likely to stop the pain. 

In those cases where the pe¬ 
ripheral operation is indicated, the 
patient is placed supine on the 
table with the head slightly raised. 

When the foramen cannot bo lo¬ 
cated by touch, it may bo satisfac¬ 
torily indicated as follows: Draw 
a line from the siipra-orbital 
notch, which can always bo felt, 
down between the bicuspids of the 
upper jaw and also those of the 
lower jaw. This line passes 
through the supra-orbital notch, 
the infra-orbital foramen, and the 
inferior dental foramen (Fig. 

3G). If, now, another line bo 
drawn parallel to and about 8 to 
12 mm. (according to size of face) 
below the inferior margin of the 
orbit, it will cross the preceding 
line over the infra-orbital fora¬ 
men. ^ The line of incision should be about 2.5 cm. long, should begin to the 
inner side of the foramen, and should run' down and outward so as to avoid 
damage to the fibers of the facial as they enter the orbicularis muscle. If local 
anesthesia is to be used, and it frequently suffices, the tissues in the preceding 
line are infiltrated and after an interval of 5 minutes the incision is carried 
through skin, fat, and orbicularis muscle down to bone. The foramen is usually 
found at the bottom of a small depression filled with fat, and from it radiate the 
terminal branches of the infra-orbital nerve. (Figs. 34 and 35.) 

If avulsion is to be practiced, a long slender needle must be passed as far 
backward along the nerve as possible and some loeal anesthetic must be injected 
to prevent the pain that would otherwise be caused. This step would not be 
necessary if general anesthesia were used unless one were practicing anoci- 
association as described by Crile. 

The whole nerve, after being freed from fat and connective tissue, is grasped 
with the curved clamp and avulsed by the method previously described. A 



Fig. 34.—1, SmniA-tmBiTAL Nehvk and Artery; 
2, &in'UATRo<'HL.KAii Nehvk; 3, InFHA-OKBITAIj 
Nerve Kmeruinu khum the Infra-orbital Fora¬ 
men. 
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silver rivet of a size to fit 
smigly is driven into the fora¬ 
men, and the malleable tlange 
is acenrately moulded to the 
surrounding bone. The soft 
tissues are closed by catgut 
layer sutures, the skin by fine 
silk. No drainage is used. 
The sear lies in the line of 
natural wrinkles and will be 
scarcely noticeable. 

Another method which 
avoids an external scar con¬ 
sists in making a longitudinal 
incision in the gingivolabial 
fold of mucous membrane 
over the canine fossa down 
to the bone and then strip¬ 
ping up all the soft tissues 
until tlie foramen and nerve 
branches are exposed. While 

Fio. 35 .—^Avulsion op Centbal End op Inpba-obbital , . inn . n 

Nerve. this method doc's not leave 

a visible scar, the working 
space and illumination are much less satisfactory, and the chances of infection 
from the mouth are considerable. 

On the Inferior Dental.—The infe¬ 
rior dental nerve is the one most fre¬ 
quently involved with neuralgia. It 
makes its peripheral exit from the men¬ 
tal foramen. This foramen lies on the 
lino previously mentioned, at a point 
about midway between the alveolar and 
inferior borders of the jaw. Thiji point 
will be found to be nearly submucous. 

A longitudinal incision is made in 
the gingivolabial fold ju,st below tlio 
two bicuspids down to bone, from which 
the soft tissues are separated Tuitil the 
foramen and the nerve coming from it 
are exposed. The lower lip can be re¬ 
tracted downward readily and good light 
and working room obtained. After the 
nerve is avulsed and the foramen 
plugged, the wound may be closed with 



Fia. 36.— A Straight Line Running prom Su¬ 
tra-orbital Notch and Passing Between 
THE Two Bicuspid Teeth Will also Run 
Through Infra-orbital and Mental For¬ 
amina. 
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a few sutures of silk throu<ili the mucous iiK'mhrauc, or the tissue may be allowed 
to fall into uatural aj)position without any sutuix's. 

Results of Peripheral Operation.— 'riiese pcu-ipheral operations are easy, sim¬ 
ple, and tree from daiu;ei'. I'liey soiiu*tiuies give peniiaiunit rc'lief, often give 
relief for 1 or 2 years, but, as a rule, in the majority of eases have proven uu- 
satisfaetory in the long run. 

When the iieuralgie j)rocess involves the nerve trunks bank near the base 
of the skull so that operation of tlui 2)eri2dieral ty2)e is ct)ntra-indieated, three 
modes of procedure are ()2)(‘n to (anisideration : 

1 . Resection of the nerve trunks at their exit from the base of the skull. 

2 . Alcohol injections into llu; nerve tranks. 

3 . Intracranial O2)eration on tlie (hisserian ganglion. 


1. Resection ok 'i iie Nicnv e Tiuinks .\’I' 'I'iieiu Mxi r ekom the I!ase oe the 

Skim,!. 


The various pro(!e(lures deviscMl for this 2)ur2)ose are all mutilating, bloody, 
tedious, and dillicult. d'liey involve as much intrinsic risk as the intracranial 
attack U2)ou the (lasscriau ganglion and in addition give; no guarantee of j)er- 
maiieut relief from tlu! neuralgia for which they arc done, l)ec,ause these nerves 
show a sur2)risiug 2E)wei' of regeiuiration, and this I'egeneration is usually fol¬ 
lowed by a rccurreiK'e of the 2iain. lor these reasons such o2)erations are not 
worth while and will not he described. 

2. Alcoiiot- T.\.rE<rnoNs into the Neuve d'jttrNics 

Alcohol injections into the nerve trunks at their exit from the skull have 
had a considerable vogue for .several years and have many enthusiastic advo¬ 
cates. 

Advantages.—The advantage of the method lies in the fact that by an 
operation which is simple and coin2)aratively free from danger, immediate relief 
can be given to these sulTerers without their being incapacitated for work for 
more than a few hours. 

Disadvantages.—The disadvantages arc several: The procedure is carried 
out in the dark, the operator feeling about in the tissues w"ith the point of the 
needle until he strikes the nerve trunk. It not infroiiueutly happens that leven 
an experienced man will fail to find the trunk itself and have to satisfy himself 
with injecting the alcohol into what he conceives to be close proximity to tho 
nerve. 

At best the injection, even when put into the nerv 6 itself, gives relief only 
temporarily (6 to 12 months), and nimst be repeated when the pain recurs. If 
injections are repeated too frequently, the muscles of mastication are apt to 
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become indurated and so interfere with the free mobility of the lower jaw. 
When, in difficult cases, the nerve itself is not found, but the alcohol is injected 
into the tissues in the region of the nerve, the relief is not so durable, and the 
surrounding tissues are more indurated. 

Instruments.'—The instruments used consist of a needle 12 cm. long and 
1.75 mm. in diameter, rather blunt-pointed, and fitted with a stylet which comes 
out flush with the needle tip. This needle is graduated in centimeters. The 
proximal end of this needle is constructed to make a tight joint with the thread- 
less nozzle of a glass syringe, which will hold 2 c. c. or more (Eig. 37). 

Where much induration of the soft tissues has occurred, it is sometimes 
necessary to use a slenderer and sharper needle in order to penetrate to the 
nerve. Such a needle is more apt to cause injury to vessels, is more flexible, 
and so less under control for prodding in different directions in the depth, and is 
less apt to give the characteristic pain upon piercing the nerve. 

Solution for Injection.—The solution used varies with different writers. 
The one used by Patrick (59) in his large series was: 


M. 


Cocain muriat 

Alcohol . 

Aq. dost, q.s.ad 


gm. OT 0.0. 


i;3 

15 


1 (gr. ii) 

5 (dr. iiiss.) 
5 (oz. ss.) 


Sig. Usually about 2 c. c. at an injection. 


Anesthesia.—Usually a general anesthetic is unnecessary and undesirable, 
for the conscious patient is able to help very decidedly in determining whether 
the needle is in the nerve or not. 

Contra-indications.—The first or ophthalmic division of the nervo sliouM never 
be injected, since its close proximity to very important vessels and nerves renders the 
procedure too hazardous. For analogous reasons the injections of the Gasserian 
ganglion through the basal foramina do not seem justifiable. 


Technic.l— general considerations. —The needle penetrates the skin 
somewhat more easily if the stylet is slightly withdrawn until the subcutaneous 
tissues are reached, when it is fully inserted to give better protection to the 
vessels of the deeper structures. The needle is pushed steadily and slowly in 
the direction where the nerve trunk should be, until it has reached the depth at 
which the nerve is usually found. Tf the needle, during its progress, enters the 
nerve sheath, the fact is made known by a pain in a part or the whole of the 
peripheral distribution of the nerve. This pain varies greatly in degree, and is 
sometimes only a “pins and needles” sensation. 

If the needle has been inserted in the proper direction and to the proper 
depth without eliciting any of these sensory disturbances, the point should be 
* After Hugh T. Patrick. 
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pressed upward, downward, forward, and ‘backward to see if in some one of 
these directions it will not elicit the nerve pain and indicate in wiiat direction 
it should be then inserted. The needle is partially withdrawn and re-inserted 
in the indicated direction. When the attempts thus far have failed, one must 
systematically try to feel out the nerve by pnshiu" 
the needle point in various directions in the zone in 
which the nerve must be located. 

When the characteristic pain indicates that the 
needle has entered the nerve sheath, the .stylet is with¬ 
drawn, and the syriu^-e with the solution i.s titled into 
the needle. Two c. c. are in jected steadily into tlie 
nerve. Too sudden or forceful inp'ction of the al¬ 
cohol causes unTiecessary pain. 

In case none of these various attempts have 
elicited the characteristic pain, the needle should be 
inserted to wIkwc the nerve ought to lx; and a little 
alcohol solution injected with a spurt. This will 
sometimes elicit the pain Avhen the ])oint of the lux'dlo 
has failed to do so. If the pain is thus (dieitcxl, the 
rcj^ilar dose of ahiohol should he injc'c.ted with the 
feeling’ that it is in tlu^ nerve or in close pro.ximity 
to it. If all of these Tuethods have failed to discover 
the nerve trunk, the patiemt should bo asked to return 
a day or two later, when a socoiid attempt nuiy be 
more successful. 

After the alcohol has been injected, the syringe is 
detached and the stylet rephua-d in the needle, which 
is then left in situ for a few minutes to ])eririit hemo¬ 
stasis along the track of the luicdle, whicli is then 
slowly withdrawn. After a fciw momenta of pressure 
over the akin puncture a little collodion is used to 
seal it and the procedure, is finished. 

In the interval between the injection of tho alcohol and the withdrawal of 
the needle sensory teats should be made of tho skin area supplied by tho iierve 
supposedly injected. If deep pin pricks over the whole area supplied cause no 
pain at all, the injection has been perfectly successful. If there is only partial 
analgesia, or if the analgesia is delayed in appearing, tho injection has been 
near rather than into the nerve, and it may be expected that the relief from 
pain will be of short duration. 

It frequently happens in these tic douloureux cases that sensory stimulation 
of a surface supplied by one branch of the nerve will cause spasms of pain in 
an entirely difFerent branch. Patrick calls the field in which stimulation starts 
the distant pain the “dolor-genetic zone,” and states that the nerve supplying 
this zone must be injected before the distant pain can be stopped. 


Fia. ,37. — Gt.ahh Syrinoe, 
Needle and Stylet poh 
Alcoholic Inje<;tion op 
Fifth Cranial Nerve. 
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INJECTION OF THE 8UPEBIOR MAXILLABY NERVE. —The point of en¬ 
trance for the needle ia at the lower border of the zygoma, 0.5 cm. behind the 
line of the posterior edge’of the orbital process of the malar bone (Figs. 38 and 
39), This edge is easily felt. The needle is inserted in the sagittal plane and 
slanted upw'ard so that at a depth of 5 cm. the point would bo about on the level 
of the lower end of the nasal bones. At this point the needle is supposed to 



Fiqb. 38 AND 39. —Side and Front View of Position of Needle fob Injection 
OP Second Division op Fifth Nebve. 


enter the nerve as it comes into the sphenomaxillary fossa from the foramen 
rotundum. 

Variations in the bony contour of different skulls make it necessary to 
modify the procedure in certain cases. The zygomatic arch is sometimes high, 
sometimes low, and sometimes the. anterior end of it slants downward at a 
fairly sharp angle. The width of the orbital process of the malar bone varies 
considerably. These factors influence the entrance and slant of the needle. 
The coronoid process of the lower jaw may be so'far forward of its usual posi¬ 
tion as tc necessitate the entrance of the needle well in front of and below the 
site above mentioned. In these cases the needle may strike the posterior edge 
of the superior maxilla if it bo well rounded and prominent, and it may then 
be necessary to pass the needle through the coronoid notch in the attempt to 
reach the nerve. 

In cases with atypical bony conformation the operator, to be successful, 
must be able to visualize the relation of the nerve to the bony processes, choose 
the modification of the approach, and then strike it in the dark so to speak. 



OPERATIONS ON THE CRANIAL NERVES 


678 


In general, the needle should he inserted about 5 cm. to reach this nerve, al¬ 
though the distance will he slightly less in patients who are narrow in the in- 
terzygomatic diameter, and slightly more in those with a wide diameter. 

Two dangers are inherent to this injection: ’( 1 ) entrance into the orbit through, 
the spliBnomaxillary fissure, which conies from slanting the needle too far forward and 
can always bo avoided by attention to this detail; ( 2 ) paralysis of the sixth nerve, which 
lies deeper than the nerve under consideration hut in the line of progress of the needle. 
To avoid this latter trouble, when the needle is in position for the injeetion, the alcohol 
is sent in a few minims at a time, and the power of external rotation of the eye con¬ 
stantly tested. On the first sign of weakness in this motion, the injection is stopped 



Figs. 40 and 41. — Position of Needle ron Injection or TniBD 


Bhanch of Fifth Nbbvh. 


and the point of the needle is made to seek out another part of the nerve farther away 
from the sixth, when the injection may bo completed. With these precautions, damage 
to the sixth, if it occurs at all, will be slight and transient. 

INJECTION OF THE I.NFEEIOR MAXILLAKY NERVE, Tho point of en¬ 
trance for the needle selected by Levy and Raudoine is just below the zygoina 
and 2.5 cm. in front of the anterior root of the zygoma, which runs just in 
front of the external auditory canal (Eigs. 40 aijd 41). In patients with long 
narrow heads this distance is satisfactory, but in short wide heads it is too 
great. As a matter of practice, the point will be found to be on the lower bprder 
of the zygoma about halfway between perpendiculars from the anterior root of 
the zygoma and the posterior edge of the orbital process of the malar bone. The 
needle is inserted inward, somewhat backward, and slightly upward, for a*dis¬ 
tance of about 4 cm., when it should be close to the nerve. The depth of the 
nerve from the surface varies from 4 to 5.5 cm., according to the size and shape 
of the head. 
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A helpful landmark ia the external pterygoid plate, which lies at about the 
same depth but a little anterior to the nerve. If the needle be made to strike 
the pterygoid plate at the start, it can be worked backward at about the same 
depth and made to strike the nerve with more certainty than by methods having 
no fixed landmarks. When the sigmoid notch is very shallow it may bo neces¬ 
sary to have the patient open the mouth to permit the needle to pass. If the 
needle passes too close to the inferior maxillary joint, this is apt to become stiff 
and painful for a time. When the nerve is pierced there is usually pain in the 
lip, jaw or tongue. 

Eesults. —From the foregoing it is obviously more or less a matter of chance as to 
whether the needle point outers the nerve sheath or not, and when it does not the results 
are sure to be unsatisfactory. 

Following the injection there is always considerable swelling of the soft 
parts, which usually subsides quickly. Occasionally there will be a very un¬ 
fortunate sequel. One woman who had had several injections for a severe 
neuralgia of the inferior branch with relief for several months at a time, after 
her last injection had immediate marked swelling, discoloration, and pain in 
the whole side of the face and head. This was soon followed by sloughing of the 
skin and subcutaneous tissues from the midline of the vertex, down along the 
front of the car to the lower border of the lower jaw, forward to the angle of 
the mouth, upward to the bridge of the nose, outward under the eye, and up¬ 
ward across the temple to the vertex. Several other such cases have been re¬ 
ported, but fortunately the percentage of such complications is not high. 

If it is necessary to give several injections, espceuilly if the intervals be short, 
there is a tendency for the muscles of mastication to become infiltrated, with resulting 
interference with the free mobility of the lower jaw. 

The results of this procedure are at best temporary, the relief lasting from 
6 to 12 months (rarely 4 years), according to the severity of the disease and the 
accuracy with which the alcohol was placed in the nerve trunk. There is no 
mortality connected with the procedure, and the percentage of serious compli¬ 
cations is low. 

From its temporary effect and the uncertainty involved in its application, it would 
seem to be best reserved for those cases unable, for one reason or another, to obtain the 
permanent relief afforded by the Gasserian operation and also for the temporary relief 
of patients who wish to get into condition to have the Gasserian operation done. 


3. Intracranial Procedures eor Tic Douloureux 

It is generally conceded, even by those who are enthusiastic about the alcohol in¬ 
jection treatment, that the only sure and permanent relief from tic douloureux lies in 
a properly performed intracranial operation upon the Gasserian ganglion or its pos¬ 
terior root. 
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Many authors and the profession at large, who constantly refer to the great danger 
and high mortality of this operation, have gained their entirely errt)ncous impressions 
from tho statistics made up before the operation hail been brought to its present high 
stage of perfection. ‘ 

Frazier, quoting 230 cases reported by Horsley, Lexer, Dbllingcr, Cushing and him- 
self, places the mortality at tli6 astonishingly low figure of 3.7 per cent. Alorcovcr, 
since the tcchnie has been iinijroved, injury to the eye, either motor or trophic, is 
very unusual, and tho sequoia? resulting from traumatism to tho brain substance are 
almost unknown. 

Such being the case, this operation niu.st he reiuovcil from tlie category of 
extraliazardoua procedures when propiudy perfoniied. This removes tlie chief 
prop from the sujiport of those wlio advocate the trial of the various temporiz- 
ing measures until such time as the sulfiirer ha.s developed a fixed drug habit 
or is physically exhausted or both. In spite of the fact that this type of patient 
has furnished thi; majority of operative case.s, the refinements of technic have 
reduced the mortality to the very low figure (]uoted above. When patients, 
properly selected, are operated upon early in the course of the disease, this 
mortality will be still further reduced and they will be saved an enormous 
amount of unnecessary suffering. 

Indications. —A case should be considered appropriate for intrneranial operation 
under the following conditions: 

1. When prompt and definite relief has not followed: 

Measures for tho improvement of^the general health, especially tho regula¬ 
tion of the digestive tract and diet; 

Projicr dental care of the mouth, especially with regard to enamel erosion 
and the presence of pyorrhea alveolaris; 

Appropriate treatment of abnormalities or infections within the nose or its 
accessory sinuses, which might be the cause of reflex irritation. 

2. When the tic involves tho ophthalmic branch. I’liis is the, least frequent typo, 
but is also the least amenable to any of the various forms of peripheral trciitmcnt. 

3. When the tic involves two of the branches of the ganglion, thus indicating a 
deep origin of the irritation. 

4. When tho attacks are becoming more severe and more frequent in spite of 
tentative treatment. 

5. AVhen, in borderline cases, satisfactory relief has failed to follow the use of one 
or more of the peripheral forms of treatment previously outlined. 

Anatomical Considerations.—Tlie large sensory and relatively small motor 
root of the ganglion pass from the pons forward beneath the tentorium cere- 
belli, through a small aperture in the attachment of the tentorium at the upper 
edge of the petrous bone, and then forward and a little downward to the cavum 
Meckelii near the tip of the petrous bone. Here the ganglion lies inclosed in a 
special fibrous sheath known as the dura propria, outside of which is an enve¬ 
lope from the regular dura. The blood supply consists of numerous small ves¬ 
sels which enter the ganglion from beneath, which accounts for its firm fixation 
to the underlying structures and for the sharp bleeding which follows attempts 
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to raise it from its bed. It gives off 3 branches, the first running along the 
cavernous sinus in intimate relation with it, and the third, fourth, and sixth 
cranial nerves; the second entering the foramen rotundum; and the third and 
largest entering the foramen ovale. The motor root does not enter the ganglion 
but runs beneath it and out through the foramen- ovale with the third branch, 
which it joins soon after leaving the cranial cavity. All of these branches are 
surrounded by extensions of the dural sheath which envelops the ganglion. 

The depth of the ganglion from the surface varies somewhat with the shape 
of the skull, being deeper in broad skulls and more superficial in narrow skulls. 

The relation of the middle meningeal artery is of importance. This vessel enters 
the middle fossa through the foramen spinosum, which is quite variable in its relation 
to the ganglion. It usually lies external to the ganglion. It may lie between the 
foramen rotundum and ovale, or it may lie on a piano posterior to the latter, in which 
case it obscures the third branch and also the posterior root, and should then be doubly 
ligated and divided. 

• 

The upper branch of the facial nerve runs obliquely upward and forward, * 
crossing the zygoma on a line running from the external auditory meatus to 
the external angular process of the frontal bone. This nerve supplies the 
orbicularis muscle, the integrity of which is so important in the prevention of 
the keratitis which is so apt to develop with the sensory and trophic distur¬ 
bances which follow the extirpation of the ganglion. The incision should be so 
planned as to avoid injury to this nervtJ. 

Technic_ GENERAL CONSIDERATIONS. —The methods of entering the skull 

and the instruments \iscd have already been described in another section. 

A brief review of the stages leading up to the present best method of hand¬ 
ling the ganglion itself will be worth while. Upon what is to be done to the 
ganglion will depend largely the choice as to the method of its exposure. 

Primarily, when it was thought necessary to remove the ganglion complete, 
ii a radical cure was to be obtained, the ganglion was exposed by one of the 
various methods, thu posterior root divided, the ganglion grasped with a strong 
• clamp, and, after division of the middle and inferior branches, was avulsed. 
This crude technic resulted frequently in the incomplete removal of the 
ganglion and in serious damage to the cavernous sinus and the cranial nervea 
running along its wall in close proximity to the ganglion. It was this type of 
'operation that gave such a bad reputation for danger, mortality, and serious 
complications to the intracranial method of relief for tic douloureux. The 
prejudice so originated has remained firmly fixed in the mind of the profession 
to this day, in spite of the immensely improved results which refinements in, 
technic have demonstrated in a large series of cases. 

Later it was noted that pain in the ophthalmic branch was unusual and, in¬ 
asmuch as the difficulties and dangers of the operation were chiefly related to 
the removal of this branch, the procedure was simplified by removing only the 
second and third branches with the corresponding part of the ganglion. This 
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technic gave as much relief from pain and, in the avoidance of operative 
difficulties ayd dangerous sequela', was intinitely superior. 

Then Spiller demonstrated that division of the posterior root of the ganglion 
would cause permiincnt degeneration of the sensory portion between the ganglion 
and the pons. In 1901 Frazier iirst applied this modification of the technic 
and divided the posterior root instead of attempting to romovo tho ganglion. 
Various operators now expose the posterior root, pass a small hook beneath it, 
and avulse the root from tho pons, leaving it or excising it just proximal to tho 
ganglion. There are objections to this process of avulsion. It has been demon¬ 
strated repeatedly that simple section of a posterior sensory root between its 
ganglion and tho central nervoTis system causes permanent degeneration and 
loss of function of the divided nerves. This holds true, not only of tho spinal, 
but also of the fifth and seventh cranial ner\(s. If simple section of the root 
will cause permanent relief from pain, whi(,‘h it has repeatedly done, there can 
be no valid reason for the added traumatism caused by avulsing tho root with 
the chance of causing superficial hemorrhage on or in the pons. 

No cases have been reported in which symptoms of damage to the pons 
have followed avulsion of tho root, so possibly this objection is chiefly theoreti¬ 
cal. Nevertheless, the surgical maxim should hold, “gain the required result 
with the least amount of traumatism.” 

Another consideration is of real sigiiificancc. Tho motor root of the ganglion is 
smaller than tho sensory and is covered by it, so that it is practically impossible in most 
cases to separate them and divide only the sensory root. In avulsing tho root tho 
motor is torn away with tho sensory i)ortion and permaiu'nt paralysis of tho muscles 
of mastication results, including tho temporal on tho side of operation. This causes 
not only dofootivo jaw action, but also marked deformity resulting from atrophy of 
temporal muscle. 

If, on tho other hand, the sensory and motor roots are simply divided proximal 
to the ganglion, the sen.sory root undergoes permanent degeneration with loss of func¬ 
tion, while tho motor root, being divided dist.il to its troi)hio center, which lies in tho 
central system, will undergo regeneration with return of function after several montlis. 
This sequence of events has followed this teehnii- in 2 cases in my hands, and has 
also followed in tho seventh uervo ease reported elsewhere. 

Therefore, the simplest and best technic lies in exposure of the combined roots 
of the ganglion, followed by simple section, leaving tho cut ends approximated so as 
to favor motor regeneration. In the very small percentage of cases in which‘the 
sensory root can bo separated from tho motor root and alone divided, this, of course, 
should bo done. 

Another advantage of the root section mctliod lies in the almo.st complete elimina¬ 
tion of danger to the cavernous sinus and the third, fourth and sixth nerves, and tho 
great saving in time of operation, as the removal of tho ganglion was always the most 
bloody and tedious part of the procedure. 

For the purpose of root section, not nearly so large an opening in the skull 
is necessary. The Hartley-Krausc o.stcoplastic flap gives ample room, and, with 
the Hartley-Kenyon motor saw, can be quickly and accurately turned down. 

88 
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For the extirpation of the ganglion it gives very satisfactory results. The one 
objection lies in the wide exposure of the brain cortex to pressure y t e re 
tractors, although trouble from this source almost never occurred in the hands of 
Dr. Hartley. The-method is described elsewhere. 

For the root operation the auriculotemporal exposure, as described by 
Frazier, and the infratemporal exposure, as described by Cushing, are un¬ 
doubtedly the best. 

THE SPILLEE-EBAZTER METHOD (DIVISION OP THE SENSORY ROOT BY 
THE AURICULOTEMPORAL ROUTE). —From 1 before operation 

the patient is given morph in, gr. l/G, 
and atropin, gr. l/iOO. Nitrous- 
oxid-ether anesthesia is induced, the 
patient placed in the sittiiig posture, 
and a horse-shoe-shaped flap made, 
beginning at the middle of the zygo- 
^ ma and ending bcliind and a little 
below the helix of the ear. The mus¬ 
culocutaneous flap is reflected, and 
bone over an area 3 cm. in diameter 
is removed. The center of this hole 
will be about on the level of the en¬ 
trance of the posterior root into the 
ganglion. This opening is enlarged 
downward by the rongeur as far as 
the infratemporal crest, which is on 
a level with the base of the skull. 
The dura is separated from the base 
of the fossa and from the anterior 
surface of the petrous bone. When 

Fio. 42.— AunicuLOTEMPORAL Approach to the the middle meningeal artery, coming 

Gasserian Ganglion (1). 1, MuaculocutanTOUS through the foramen spinOSUm, is 

flap; 2, skull trephined; 3, dura. (After Fra- t i ^ i t • j j 

lier.) encountered, it is ligated and divided. 

Instead of using the ordinary liga¬ 
ture, I have found the silver clip devised by Cusbing more convenient for the 
occlusion of this vessel. Elevation of the dura for a slight distance further 
toward the median line will expose the region of the ganglion as it lies sur¬ 
rounded by its dural envelope in the cavum Meckelii near the inner end of the 
petrous bone. The inferior dental branch is easily identified as it runs through 
the foramen ovale. Just in front of this branch the dural sheath is incised and 
the incision is carried backward over the upper surface of the ganglion until the 
posterior root is exposed. One can usually sec the small foramen through which 
the root crosses the ridge of the petrous bone to pass beneath the tentorium to 
the pons. 

The root is gently hooked up and divided with scissors, or it may be avulsed. 
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For reasons previously given, the simple division is much to be preferred. The 
motor root should be avoided when possible. During the course of the opera¬ 
tion hemorrhage is controlled by means of narrow strips of gauze passed in on 
either side beneath the elevated dura, in such a manner as not to interfere with 
operative progress. 

When the sensory root has been divided, the anesthetic can bo stopped, bo- 



Fio. 43.— Auhiculotemporai. Ai'Pjwach to the Ga.ihekian Oanolion (2). 1,2, ami 3 aro the namo 08 
in Fig. 42; 4, iniddlo nioiiiiiKeal artery coming up through foramen mnnosum with a ligature carrier 
paased around it. (After Frazier.) 

cause the operative field has now been rendered insensitive. The wound is care¬ 
fully closed by suture in layers, using catgut for the deeper structures and silk 
for the skin. Frazier advises a rubber tissue drain for 24 hours in the posterior 
angle of the wound, but iny experience without any drainage would indicate 
that it is not necessary, as a rule. 

When the patient has recovered consciousness the reflexes and sensation in 
the operated side of the face should be tested to see if all of the sensory root 
has been divided. 

The eye on the operated side should he protected from dust and air currents for 
about a week. If, by some mischance, the branch of the facial nerve to the orbicularis 
has been paralyzed, the eye must be carefully watched and cared for over a long period 
of time until the orbicularis has recovered. 
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■^The protection may consist of gauze pads wrung out of boric acid solution, 
or of an automobile goggle, which gives protection and at the same time allows 
free inspection of the eye. 

THE CUSHING OPERATION (INFRATEMPORAL),— The incision runs from 
the temporal root of the zygoma (slightly in front of the oar) upward and then 
forward, so that the vertex of the incision is at or slightly above the level of the 
upper border of the pinna, and then forward and downward, terminating at 





Fio. 44.— Auriculotempobal Apphoach to the Gasskiuan Ganglion 1, 2, 3, and 4, same as Fig. 

43; 6, nerve hook passed under and around the posterior root of the Gasserian ganglion. (After 
Frazier.) 

least 1 cm. from the posterior border of the frontal process of the malar bone. 
This modification of the original incision and its termination at the above point 
are designed to avoid injury to xhc upper twigs of the facial nerve which supply 
the frontalis and the orbicularis. This skin flap is reflected until the zygoma 
is well exposed. Subperiosteal resection of the zygoma is done, avoiding injury 
to the branches of the facial nerve as they cross tlie zygoma. Incision is then 
'made through the temporal fascia and muscle concentric with, but slightly 
within, the skin incision, down to the bone. The muscle flap is elevated from 
the bone, to which it is but loosely attached, and retracted downward into the 
space previously occupied by the zygoma. 

The bone is trephiiu'.d and the hole enlarged by rongeur to a diameter of 
about 3 cm., with the lower edge at or involving the infratemporal crest. The * 
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dura is thus exposed with the middle meningeal artery running across the hole 
obliqiiely upward and forward from its entrance into the skull through the fora¬ 
men spinosum to the arterial siilciis in the anterior inferior angle of the parietal 
bone. 

With a blunt elevator the dura beneath the arterial arch is raised from the 

bone, and a short distance inward the infra¬ 
maxillary branch of the ganglion is exposed as 
it passes into the foramen ovale. Further ele¬ 
vation of the dura forward exposes the second 
branch entering the foramen rotundum. Be¬ 
tween the 2 the dural envelope of ganglion is 
easily incised, and this incision is carried back¬ 
ward along the upper surface of the ganglion 
until the posterior root is exposed. The pos¬ 
terior root may then be either avulsed or sim¬ 
ply divided, according to the preference of the 
operator, avoiding injury to the motor root 
when it is possible to isolate it. TTemorrhage 
is controlled as in the previous operation. 

The wound is most carefully closed with 
layer sutures, Cushing using fine silk, while 
most operators prefer absorbable catgut, except 
for the skin suture. 

When the posterior root has been com¬ 
pletely divided, there is total loss of sensation 
in the peripheral field of the corresponding 
ganglion, except for a narrow, irregiilar zone 
at its posterior and inferior borders where the 
fibers of the upper cervical nerves overlap those of the fifth nerve and maintain 
some sensibility (Fig. 47). 

When the motor root has also been divided, as is usually the case, there is paralysis 
of the muscles of mastication, of which the temporal is the most obvious. If the root 
has been avulsed, the paralysis will be permanent and there will be marked atrophy 
of the paralyzed muscles. If, on the other hand, the root has simply been divided and 
the ends left in approximation, it will, in many cases, regenerate and give return of 
function in the paralyzed muscles in from 6 to 12 months. 

The skin sutures are removed in from 3 to 5 days; the patient is allowed,to 
sit up as soon after 3 days as his condition will permit, and may leave the hos¬ 
pital any time after a week. 

Advantages of Posterior Root Section. —By the use of this method of posterior 
root section, practically all of the difiSculties, dangers and complications of the older 
operation of excision of the Gasserian ganglion are avoided. Disturbances of the 



Fio. 47.— Infratemporal Approach 
TO THE Gasserian Ganglion (3). 
After complete section of the pos¬ 
terior root of the ganglion there 
will be an area of complete an¬ 
esthesia, indicated by the oblique 
lines, and, at its posterior border, 
an irregular area of incomplete 
anesthesia indicated by the stip¬ 
pled area. (After Cushing.) 
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eye on the operated side are less frequent in occurrence and less severe when they^do 
occur. This is believetl by Spiller to be due to the favorable trophic influence of the 
ganglion which is left in situ. The brain is retracted much less, so there is little like¬ 
lihood of disturbance of its function. Failure to obtain relief must be due to either 
missing the posterior root or not completely dividing it. In either case there will not 
be the typical complete anesthesia of the face on the operated sido which is usual. 
Only in rare cases will hemorrhage be such as to necessitate a two-stage operation, 

Eesnlts.—Complete section of the po.sterior root gives permanent relief from 
the pain and causes permanent loss of sensation in the field supplied by the 
fifth root, except for a slight increase of function previously mentioned, which 
sometimes appears after a number of months in the upper cervical nerves. 

When the motor root is permanently paralyzed, there appears a marked 
atrophy of the muscles of mastication, of which the temporal is especially notice¬ 
able. The zygoma stands out very prominently and accents the deformity duo 
to the atrophy. For this reason, Cushing docs subperiosteal resection of the 
zygoma and discards it. As a result, ho reports that the muscular atrophy 
causes a much less noticeable deformity. 

The eye on the operated side is apt to be sensitive to strong winds or to cold, 
and the patients often complain that that side of the face feels boardlike. Nev¬ 
ertheless, they regain their weight and color and arc again able to take up their 
proper duties in life miless a fixed opium habit prevents. 

SEVENTH CBANIAI. KEBVE 

Indications.—Surgical interference is directed toward the seventh cranial 
nerve for 3 different types of disturbance: 

1. Facial spasm. 

2. Facial paralysis. 

3. Neuralgia of the sensory portion of the nerve. 

Anatomical Considerations.—For the sake of brevity, the seventh and eighth 
nerves and the pars intermedia will all be considered together. Super¬ 
ficially they arise from the upper part of the medulla, external to the olivary 
body and pass forward and outward and slightly upward to the internal audi¬ 
tory meatus, which is in the posterior surface of the petrous bone about % of 
the way in toward its tip. This meatus lies almost directly above the posterior 
lacerated foramen, through which pass the ninth, tenth, and eleventh cranial 
nerves. This close relation of the 2 foramina and the 2 sets of nerves may be 
confusing in an operative field often obscured by hemorrhage. 

As they enter the internal meatus, the seventh lies above the eighth, with 
the pars intermedia between the two (Fig. 48). At the depth of the internal 
auditory canal the .seventh enters the atiucduetus Fallopii, along which it passes 
outward to the geniculate ganglion. It then passes abruptly baekward along the 
inner wall of the tympanic cavity just above the fenestra ovalis, and then 
straight downward through the mastoid portion to the stylomastoid foramen, 
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from which it passes downward and forward, crossing tlie styloid process 
obliquely on its outer surface, to enter the parotid gland, just before doing 
which it divides into its 2 niiiin branches. 

The landmark for locating the exit of the nerve is the receding angle be¬ 
tween the anterior border of the mastoid and the posterior border of the vaginal’ 
process of the temporal bone, which lies just below the bony external meatus. 

At a slightly greater depth than 
these bony processes lies the upper 
part of the styloid process, behind 
th(i base of which, and at a slightly 
higher level than the receding bony 
angle previously inentioued, is the 
stylomastoid foramen, from which 
the nerve makes its exit. 

The pars intermedia runs out¬ 
ward in the aqueductus Fallopii to 
the geniculate ganglion, into which 
its fibers (‘liter. From this ganglion 
coniiiiunicating fibers pass forward, 
others pass outward to supply 
'V sensation to part of the tympanic 
/'//V-'' "3%, membrane and a portion of the ex¬ 

ternal auditory meatus. This nerve 
and ganglion are now pretty well 
proved to be the sensory portion of 
the seventh cranial nerve and may 
be the seat of very severe neuralgia, 
quite comparable to that in the fifth 
nerve, as will he seen later. 

the eighth nerve passes into the internal meatus, and at the end of the in¬ 
ternal auditory canal sends its terminal branches through the various foramina 
in the lamina cribrosa to the structures of the internal ear. The eighth nerve 
leaves the medulla in the form of a number of small fasciculi, which run to¬ 
gether just before they reach the internal meatus. 

In a certain number of cases the seventh and pars intermedia may be nearly 
concealed by the eighth, which receives them in a groove in its upper mesial 
border. It may then be difficult or impossible to separate them for the purposes 
of operation. 



'n 


Flo. 4S.— Rklations of thk Fxcim, Nkrvk. 1, 
Auditory nerve; U, cochlear brunch; 3, vestibu¬ 
lar bruiieh; 4, fticinl jiervo; 5, ucrv'o of VViisIx-rg 
or para inlcrnicdia. This shows Jiow the facial 
and purs intermedia may rest in a groove in the 
auditory nerve. (After Testut.) 


OPEBATIOIf poll FaCIAT. SrASKt 

For facial spasm there are. 2 methods of surgical treatment; 

1. The injection of alcohol into the trunk of the nerve.. 

2. Transverse section of the nerve and the anastomosis of its distal stump into a 
neighboring motor nerva 







OPERATIONS ON THE CRANIAI. NERVES 


585 


Alcohol Injection. —For tlic alooliol injortioii the sninc iiiatnnncnta are uscsl 
as wore described in the case of the fifth nerve. 

The stilettc’d noodle is jmshod tlirondi the skin just. Indow the rw’odinj? 
angle betwctni the anterior border of the inastoiil and the posterior border of 
the vaginal proeess, wliieli was desoribed above, and carried straiglit. in in tlio 
sagittal plane for from 1 to '2 eni., aeei>rdin.'r to llie size and shaj)e of the skull 
and the ainonnt of snpi>riieial fat. Af. froiu 1 to 2 ein. de])th the st vloid pnx’eas 
should be songlit with the jH)int cd' the needle, and wheii found, tlu' net'dle should 
be worked np and down f<ir a short distance in the* hope of striking the main 
trunk of the nerve, which crosses tlu' sivloid process ohlicpiely at about this 
level. If the point of the needle pierces the nerve, then* will be a spasm of the 
face on the same side, and the alcnlml may he iii jActt'd at once (O..^) to 1 e. e. — 

50 per cent,). If the necdh' does not locale tlie nerve at this level, its point 
must be nnnle to follow uj) the styloid process ti> its base, and tlien. by a slight 
di.splaeement hackwanl, it can lie iiiserlcd into tlic styloniastoiil foramen, when 
the nerve can be easily located and in jcctc<l. 

When the nerve* has lu'cn injected thi're I’ollous inimediate jiaralysis of 
the same side of the* face*, which lasts for a vai\ing period of time (a few 
woek.s U[) to se'veral months). When the nerve regenerates, voluntary mo¬ 
tion usually returns without tin* presence of the spasm, which may never 
again devi'Iop. It may, however, reciir a few nionlhs aftc-r the np|iearaneo 
of volu/itary motion, or may accompany tin* rcinrn of \(dnnlary motion in 
n modified (h'gree. The injection may he repeated fi'oni time to time, if 
necessary. 

Facial tic, as contrasted with facial spasn\, is a habit grimace, a physiologic 
perversioji, and can us\ially he, eori'cs-ted by ]ivopc*r educational measures. In 
severe casc,s of even this type the alcohol injection may be given in order to give 
temporary relief from the, habit and to give the patient a i)eA,t,er opportunity to 
regain eontroi of tiic luuscie groups as voluntary power returns witii the regen¬ 
eration of the nerve. 

Section of the Facial Nerve and Anastomosis with a Motor Nerve.—When tho 

injection of alcoliol has failed to give s.-itisfaetory relief from facial spasm, sec¬ 
tion of the facial nerve at its exit from the stylomastoid foramen, followed by anas¬ 
tomosis with a neighboring motor nerve, shoidd ho done. Naturally, only those 
patients suffering from a severe and uncontrollable facial spasm would consider this 
radical treatment. 

This method removes the control of the facial muscles from a perverted set 
of cortical cells and gives it to another set of colls, reached through the nerve 
with which the facial is anastomosed. Moreover, the period of paralysis gives 
the muscles a prolonged rest from the spasm. 

The technic of this procedure will be described under the treatment of 
facial paralysis. 
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Operation fob Facial Paralysis 

Facial paralysis may result from a lesion in the central system, from a lesion 
of the peripheral portion of the nerve between the mechilla and the stylomastoid 
foramen, and from a lesion of the peripheral portion of the nerve distal to the 
foramen. 

In this last case, if the paralysis is the result of a stab or gunshot wound, 
the wound should he enlarged, the ends of the nerv’e identified, freshened, and 
united by end-to-end suture. When the lesion involves the main trunk or the 
two primary branches of the nerve, this procedure may not he hopelessly diffi¬ 
cult, hut when the lesion involves the pes anserinus, there is little likelihood of 
success, and the most one cab do is to avoid infection in the wound and thus 
favor prompt healing with a chance of spontaneous union of the divided fibers. 

V'here the paralysis results from infection or new growth in the parotid, 
there is nothing to do beyond the ordinary surgical treatment of the primary 
condition. 

Anastomosis of the Peripheral Portion of the Nerve with a Neighboring Motor 
Nerve. In paralysis resulting from lesions proximal to the stylomastoid fora¬ 
men, relief may be had by anastomosing the peripheral portion of the facial with 
some neighboring motor nerve. As this operation is done largely for cosmetic 
reasons, and as the results are not fully developed for 2 years or more after 
operation, it should not be done in cases where the expectation of life is short 
or where the general health is so affected as to add greatly to the risk of opera¬ 
tion. In cases following mastoid operations the wound should bo healed and the 
region free from infection before the nerve work is attempted. 

In cases where these contra-indications are absent, operation should be done 
as soon as it is evident that spontaneous regeneration and return of function 
will not occur. The determination of this factor is still the chief hone of con¬ 
tention. Some are so conservative that they insist on waiting 2 years because 
an occasional case has been reported in which some spontaneous return of power 
has occurred after this interval. I his, however, is not the rule. Others advise 
1 year and those who are called radical are willing to operate after 0 months 
from the onset of paralysis if no spontaneous return of power has occurred. 
Between these different periods one must choose, and the surgeon should always 
associate a competent neurologist with him in the decision of this question. If 
the reaction of degeneration persists in the paralyzed muscles up to 6 months, 
it is more than likely that .spontaneous regeneration will not occur. Some men 
feel that if no regeneration has occurred at the end of ,3 months and the reaction 
of degeneration still pcrsi.sts, operation may be advised at once. It must bo 
remembered that, on general principles, the earlier the operation is done after 
paralysis, the better is the prognosis. The care of the paralyzed muscles before 
and after operation should follow the principles laid down in another section. 

Spontaneous regeneration is less likely to occur when the nerve trunk has 
been completely divided, as by gunshot, or chisel during mastoid operation, etc., 
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than when it is simply involved in a non-suppnrative inflammation, as in BefU’s 
palsy, so that in the formei’ cases operation would be justified at an earlier 
period. 

The two nerves to choose between for the anastomosis are the spinal acces¬ 
sory and the hypoglossal. The spinal accessory was first used, but the majority 
of later operators have chosen 
the hypoglossal becaiise of the 
more intimate association of 
the cortical centers, the spinal 
centers, and the peripheral 
muscle groiips of the facial and 
hypoglossal nerves (Pfig. 49). 

METHODS or ANASTOMOSIS. 

—Two methods of anastomosis 
have been used; one a lateral 
slit in the hypoglossal with iiu- 
■plantation of t h e peripheral 
stump of the facial. The other 
partial or complete transverse 
section of the hypoglossal with 
end-to-end suture between the 
peripheral cud of the facial and 
the central end of the hypo¬ 
glossal nerves. The opinion of 
the majority favors the second 
method because of the belief 
that regeneration in the facial 
nerve is more prompt and more 
complete. This method causes 
complete permanent paralysis 
in the muscles supplied by tlie 
portion of hypoglossal divided. 

The patients soon learn to accommodate themselves to this loss of hypoglossal 
power and do not suffer much discomfort. Jt ha.s been advised that the distal 
portion of the hypoglossal nerve so divided should be implanted into one of the 
neighboring cervical roots. ]\Iy own cases, 12 in number, have been done 
by the lateral implantation method, and the results, as far as indicated 
by the published pictures, compare very favorably with those done by the 
transverse section method, and there is less permanent disturbance of the 
hypoglossal. 

TECHNIC.—EACioiiYPOonossAi. Anastomosis. —The operation involves the 
following steps: (1) the incision; (2) the isolation and section of the facial 
nerve; (3) the exposure of the hypoglossal nerve; (4) the implantation; (5) 
the closure of the wound; (0) the after-treatment. 



Fig. 49.—Schkma Showing Relation.^ of Nuclei op 
vii, xi, AND xii Ckanial Neiives in Coutex and 
Medulla. It is obviou.s that the vii and xii are much 
more intimately associated than vii and xi. 
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*1. Incision. —The patient is etherized; a firm cushion is placed behind 
the head and neck; the head is turned slightly to the opposite side and extended 
a little upon the neck; the operative field is thoroughly cleansed. The ineision 
involving the skin and subcutaneous tissues passes along the anterior margin of 
the mastoid process and the sternomastoid muscle for about 5 em. (2 in.), start¬ 
ing at the level of the external auditory meatus. The temporofacial veins may 
or may not be disturbed. 

2. Isolation and Section of Facial Nerve. —The deep fascia is divided in 

the same line, with special care 
to keep close to the anterior bor¬ 
der of the mastoid process to 
avoid damage to the parotid 
gland. This gland, covered by 
its capsule, is separated from the 
mastoid by an elevator and held 
forward by a blunt retractor, ex¬ 
posing the posterior belly of the 
<!igastric muscle, which is then 
pulled downward and backward. 
When the digastric is large, it 
may be necessary to divide its 
upper border transversely to its 
long axis to allow the retractor 
to give a proper exposure of the 
field. 

The index finger, pushed into 
the depth of the wound and 
slightly forward, readily identi¬ 
fies the styloid process. Near 
the base of this process the trunk 
of the facial nerve passes almost 
directly forward to enter the 
parotid gland, and it can usually 
be felt to roll as a distinct small cord, .surrounded by connective tissue, between 
the finger and the styloid process (Fig. 50). When there is difficulty in 
identifying it in this manner, one should remember that it emerges from 
the stylomastoid foramen, whifch is just behind the base of the styloid 
process. 



Fio. 50 .—Anatomy and Relations of the Facial 
Nerve. 1, Tip of thn mastoid process covered by 
sternomastoid muscle; 2, postffrior iicliy of the 
digastric muscle; 3, Styloid process; 4, facial nerve 
showing bifurcation just before entering; 5. parotid 
gland; 6. prominence of the transverse process of the 
second cervical vertebra; 7, occipital artery. 


The nerve, once identified, is enucleated from the surrounding connective 
.tissue, and is divided as far up the stylomastoid foramen as a narrow-bladod 
sharp knife will allow. Usually one can get from 1 to 2 cm. (1/^ to 1 in.) of 
free nerve trunk. 

Where the facial trunk is very short, an extra 1/5 cm. can bo gotten by re¬ 
moving the outer bony wall of the canal at the stylomastoid foramen and divid- 
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Flo. 51. —Chisels Convenient pou Removinc! Lower Part op Canal in Which Facial Nerve Runs 
SO AS TO Ohtain a Sliohtly Lonobr Peripheral Facial Stump for Anasto.mosis. 






iiig the nerve juat so much higher up. I liave clone this several times with ad* 
vantage. (Figs. 51, 52, 53.) 

At this jioiiit it is desirable to 
pi'opare the nerve for the final su¬ 
ture. About Vi ill-) from 

its free end 2 fine silk sutures 
are passed through the nerve sheath 
on opposite sides of the nerve, and 
each is tied in a square knot. The 
ends are left long (15 to 20 cm., 6 
to S in.) (Fig. 54). The nerve end 
is trimmed to a wedge shape with 
a sharp scalpel. The sutures and 
nerves are protected from damage 
during the next step. 

In cases in Avhich the mastoid 
has previously been operated upon, 
the bony landmarks arc often con¬ 
fused and the scar tissue interferes 
somewhat with the easy perform¬ 
ance of the first stage of the opera¬ 
tion. Ihider such circumstances, 
the incision is made along the an¬ 
terior border of the bony remnant 
of the mastoid, and, keeping just 
behind the parotid gland, the dis¬ 
section is carried through the scar 
Fio. 62.— Mallet. tissue till the deeper landmarks 

(the digastric muscle and' the styloid process) are identified, when the opera¬ 
tion proceede as before. 



Fig. 63. — Slender 
Knife fob Split¬ 
ting THE Hypo¬ 
glossal, AND Spe-* 
ciAL Needle with 
A Fixed Handle 
FOB Passing Su¬ 
tures Through 
Hypoglossal 
Sheath. 
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S. Exposure of Hypoglossal Nerve .—The isolation of the hypogk)ssal 
nerve is the most difficult and tedious step, and involves whatever danger there ‘ 
is in the operation. The finger in the wound readily identifies the prominent, 
smooth, transverse process of the atlas (Fig. .50). Not infrequently the occipi¬ 



tal artery runs upward and outward 
across the anterior surface of this promi¬ 
nence. It should always be looked for, 
and when present, either displaced out¬ 
ward, or divided between 2 ligatures, as 
an unexpected division of it gives rise to 
annoyiiig hemorrhage and blurs the an¬ 
atomical field. 

Lest they b’e inadvertently damaged in 
the following steps of the operation, it 


should also be remembered that over this 



same transverse process, but more toward 
the median line, the spinal accessory nerve 
runs obliquely downward and outward 
(sometimes in front of, sometimes behind 
the int(!rnal jugular vein), while the in-* 
ternal jugular vein runs vertically in front 
of it. These 2 structures are covered by 
a layer of dee[) cervictal fascia, through 
which a vertical incision is made over 
the outer border of the transverse pro¬ 
cess and is continued upward and down¬ 
ward till it is about 4 cm. (D/iJ in.) 
long. Through this slit in the fascia 
the internal jugular vein is exposed 
and is separated posteriorly by blunt 
dissection. The spinal accessory nerve 
should not be disturbed during the oper¬ 
ation. The fascia and vein arc then 


Fio. 54.— Stages in Technic of Facio- retracted forward and inward by a 

special needle (Fig. 53) may be used iMlint rctructoi. I IllbcMMlcd 111 thc COIl" 

instead of the needle shown in thc nectivc tisSUe thus Cxposcd in the 
drawitigH which would ret^uire a holder. i ^ n i ^ ^ ^ i • 

Thc working space is small and a needle UOpth ot the WOllnd are SGGIl 2 wllitC 

holder is clumsy. cords, the hypoglossal and pneumo- 

gastric nerves, with the internal caro¬ 
tid artery pulsating just to their inner side (Fig. 51). 

Usually the more superficial of the 2 nerves is thc one sought. It must be 
positively identified, however. Mechanical or electrical stimulation will cause 
its proper muscles to contract (styloglossus, hypoglossus, geniohyoid, geniohyo- 
glossus, thyrohyoid, sternothyroid, sternohyoid) or one may follow its course 
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anatqplically downward to the point where it turns forward, arounddihe occipital 
artery and gives off the descendens hypoglossi nerve. 

Once identified, it is dissected upward till the stump of the facial nerve can 
be approximated to it without ten¬ 
sion. d'his must be done with care 
not to divide the communicating 
branches from the pneumogastric, 
upper ganglion of the sympatlietic 
and the 2 upper cervical nerves, 
all of which are in the immediate 
neighborhood. 

Jf. Implantation. —While the 
nerve is supported on a bhiut hook, 
a longitudinal slit Y 2 cm. (1/4 in.) 
long is made well into the nerve 
trunk. A fine, curved needle is 
threaded on to one of each pair of 
long silk ends previously left tied 
to the stump of the facial nerve. 

One suture is passed through the 
inner and the other through the 
outer margin of the wound in the 
hypoglossal nerve. When the su¬ 
tures are tied, the wedge-shaped 
end of the facial is snugly held in 
the cleft in the hypoglossal nerve 
and is usually he.st turned slightly 
upward by means of a probe, a 

procedure suggested by Dr. Weir. These sutures must not be tied too tightly 
lest they injure the fibers of the hypoglossal nerve, a few of which are almost 
surely included in their grasp (Fig. 5:5, J> and C). 

If one elects to do a transverse section of the hypoglossal nerve, in part or 
in whole, and then do end-to-end suture, the site for transverse section is chosen 
at a point sufficiently low so that -when the hypoglossal segment is dissected 
free upward it will allow approximation between the ends of the hypoglossal and 
facial without tension upon the sutures. A single suture is passed thro\igh the 
center of the ends of both nerves and tied sufficiently tight to give good approxi¬ 
mation. With nerves as small as these it is scarcely worth while to attempt- 
perineural suture where there will he no tension whatever. 

To prevent the ingrowth of connective tissue elements, Cargile membrane is 
wrapped about the nerve junction. The hypoglossal is dropped back to its 
normal position, and there is usually no tension on the sutures. 

6. Closure of the Wound. —If the digastric muscle has been partly divided, 
it should be sutured with catgiit. No other deep sutures are required, since the 



Fm. 55.— Nerve Anastomosis. 1 to 7 same as Fig. 50; 


8, hypoglossal nervo hold up on blunt hook; 9, inter¬ 
nal jugular vein; 10, vagus nerve. 
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parts back into position. The skin is closed with silk sutures. 

No draiua^H^iscd. Sterile dressings are applied. Fixation of the head and 
neck is, as a rule, not necessary. 

6. Postoperative Course .—The temperature reaction is usually very mod¬ 
erate. There is a disturbance of 
phouation and deglutition. Care 
must be exercised when the pa¬ 
tient drinks to put the liquid in 
on the sound side of the mouth, 
and tin; patient must learn the 
trick of swallowing with a more or 
less complete unilateral paralysis 
of the muscles of deglutition. 
'I'licre is a tendency at first for 
liquids to enter tho larynx and 
trachea. Tho patients learn to 
swallow readily within a few 
days. The voice is husky, and the 
patient feels somewhat as though 
he had a laryngitis. These dis¬ 
turbances wear away in the course 
of a few weeks. The wound heals 
by primary imion, and the skin 
sutures are removed on the third 
to tho fifth day, after which no 
dressing is necessary. 

The aftor-troatnicnt Is tlie most important factor in ohtaining the desired result. 
Massage, electricity and, later, codrdinatc'd muscular movements must bo persistently 
and systematically resorted to for months. It is now well recognized that after any 
nerve transplantation, the return of eoilrdinatetl j)ow(>r Involves a reeducation of the 
nerve centers, both in the sijimil cord and in the cerebral cortex. 

The education of the spinal centers progresses fairly rapidly, while that of 
the cortex requires long period.s of time, often years, for its completion. 

Experimental work on animals has shown steady progress in return of 
function for periods of .5 to 10 years. 

As soon as voluntary power over the muscles begins to return the patient 
should be taught systematic cxerci.ses before a mirror for the development of 
muscle power and coordination. The cortical volitional iTiipulscs thus sent 
down far surpass in value either electricity or massage as a stimulus to nerve 
and muscle regeneration. 

Results .—The result of the operation will depend upon a number of con¬ 
ditions. 

1 , The best results follow in those ca.ses in wliich the cause of the paralysis 



Fig. 56.—Nerve Anastomosi.s. Sam.' a.s Fig. 55 ex¬ 
cept that it shows tlio facial sutured into a lateral 
slit in the hypoglossal. 
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hats been traumatic division of the nerve. Less hopeful of complete recovery 
are those cases due to neuritis, especially when suppurative in character, i, e. 
in suppurative mastoiditis, 

2 . The longer the time between the paralysis and the anastomosis, the 
slower and less complete is apt to be the recovery. In cases of traumatic 
paralysis, anastomosis should he immediate. In interstitial neuritis (Bell’s 
palsy) it is necessary to wait a few months for signs of spontaneous recovery, 
which so often occurs. At the end of 3 to G months of treatment the neurologist 
can decide as to the propriety of operating. In the suppurative forms opera¬ 
tion should he done as soon as the danger of infection of the wound is passed, 
as there is small likelihood of spontaneous recovery. 

3. The condition of the paralyzed muscles—*flaccidity, contracture, spasm, 
changes in electrical reaction, and, most particularly, the degree of atrophy—is 
important. The more atrophy, the less hope. Tlicreforc massage and electricity 
must be systematically used from the onset of the paralysis to keep the muscles 
in good condition in case cither spontaneous regeneration of the nerve occurs, or 
operation becomes necessary. 

4. The technic must he precise and delicate. The nerves must not be 
pinched or unduly handhid, tlic sutures must ho fine and involve only the nerve 
sheaths. The importance of these details is accentuated by the postoperative 
appearance of temporary interference with the functions of the hypoglossal 
nerve. The degree and duration of this interference are directly proportionate 
to the traumatism inflicted on the nerve during operation. There must be the 
least possible amount of scar tissue. Asepsis is essential, because suppuration, 
aside from being dangerous in itself, would reduce the probability of nerve 
union to the minimum, and there would later be pressure on the nerve due to 
contraction of the cicatrix. 

5. The importance of the after-treatment has been indicated above. The 
first degree of recovery consists in symmetry of the face during quiescence, but 
without volitional control over the muscles. The next degree consists in the 
return of volitional control of the muscles, but with the paralyzed side of the 
face uninfluenced by the emotions (laughing, crying, etc.). The third and com¬ 
plete degree consists in the return of emotional control of the face. 

This was acquired to a certain extent in Kbrte’s case (43). The reasons 
for preferring the hypoglossal to the spinal accessory nerve as a medium for 
anastomosis are rendered more intelligible by Figure 49, which represents 
schematically the sharp contrast between the close relationship of the nuclei of 
th(j facial (seventh) and hypoglo.ssal (twelfth) nerves, and the wide interval be- 
twien the ff<!|^ cRud spinal accessory nuclei. Again the face and tongue centers 
intlie cortexj^Jj;'- \jsociated, indeed, overlap, while the face and shoulder 

centers are >^;.lely 3epl?XKbd, a fact emphasized by Ballance and Stewart. 

The physiological association of the 2 nuclei in the medulla is strikingly 
shown in the frequent affection of both in disease, as labioglossal palsy, and by 
the fact that .the transverse fibers of the tongue and the orbicularis oris can con- 
80 
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Fia. 57. —CoMPiiETK Facial Pa- 
RALYBla Followinu Mastoid 
Operation. 


tract only together. The close anatomical connection of all the cranial nerfes 
tlirongh the posterior longitudinal bundle should be considered in tbe light of a 

rudimentary plexiform arrangement analogous to 
that of the cervical, brachial, and crural plexuses. 

This close association of the cortical and medul¬ 
lary centers of the facial and hypoglossal nerve 
renders the process of reeducation (previously dis¬ 
cussed) shorter and simpler than in the case of the 
spinal accessory. 

—The immediate results are tbe dis¬ 
turbances of jdiouatiou and deglutition previously 
moutioiied, plus a unilateral paralysis of tbe tongue 
on tbe same side as the operation, which is more or 
less complete, according to whether the hypoglossal 
nerve has been partially 
or completely divided. 

This paralysis of the 
tongue persists for a 
number of weeks and gradually disappears if the 
hypoglossal nerve has not been divided but has been 
used for lateral implantation. Even after the 
tongue, in these cases, has rc'gaiued its full range of 
mobility, there persists penuauoutly a diminution 
in size of that side of tbe tongue. 

Remote Results. —Fre(]Ticutly 0 weeks after 
operation the face at rest will have regained its 

.symmetry, and the pa¬ 
tient will say that the 
paralyzed side has lost 
its boardlike feeliiig, but 
there will be no evidence 

of voluntary motion, nor will there be any change in 
the electrical reaction of the muscles. At any time 
from o months on, according to the individual case, 
a beginning of voluntary motion may be expected. 
I'bis practically always appears first in the muscles 
about the chin, then at the corner of the mouth and 
cheek, then around the eye, and at last in the mus- 
(de.s of the forehead. The^atients .si^ai get so that 
they can control thesr 
cntly of each other or 
time. It is only after several'years and after pro¬ 
longed training on the part of the patient that symmetry in the expression of 
emotion, such as laughing and crying, may appear. Usually this spontaneous 




Fin. 58. —Same Boy, Three 
YEA itH After Faciohypo- 
GLOMHAI. AnAMTOMOHIH, SHOW¬ 
ING Ability to Lauoh Al¬ 
most Symmetrically. 


Fig. 59. —Corhuoator Supbr- 
ciLii Muscles Acting 
EIqually Well on Both 
Sides. 


. The^atients .siy^ai get so that 
3 He J v-uuinrtes independ- 

or cair'j,.„^'l--em ah at the same 
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eAotional control does not develop, although the patient, if not caught unex¬ 
pectedly, may simulate it so accurately as to escape detection, by volun¬ 
tarily making the paralyzed side balance the normal side. (Figs. 57, 58 
and 59.) 

Eaciospinal-acckssory Anastomosis. —The exposure and preparation of 
the facial nerve are the same as 
in the preceding operation. 

The spinal accessory will be 
found running downward and 
outward across the front of the 
second transverse process, com¬ 
ing either from in front or be¬ 
hind the internal jugular vein, 
passing beneath the posterior 
belly of the digastric, and en¬ 
tering the inner surface of the 
sternomastoid muscle about 
of its length downward from its 
mastoid origin. When the 
nerve has been exposed, the 
portion running to the sterno- 2 
mastoid muscle is divided 
transversely and dissected up¬ 
ward for end-to-end suture with 
the facial. Using this portion 
of the nerve avoids the disfigur¬ 
ing deformity of the drop- 
shoulder which often results 
from division of that portion of 

, . , 1 • 1 • Fig. 60, —Neuvk Ana.stomohks. 1, Facial norve; 2, spinal 

tllO Spinul Accessory wllicll in- accessory lu’rvo; •!. I»>stcrk)r belly of thodiKastric mus- 

nervates the trapezius muscle. '•‘‘J ">teruul jugular vciu. (After Cushing.) 

(Figs. CO and Cl.) 

The wound is closed as in the preceding operation. 

Where the facio.spinal-a(!cessory anastomosis has been done, attempts to use 
the face, or attempts to use the muscles innervated by the spinal accessory 
nerve, result in associated movements of both groups of muscles. This 
leads to unexpected contortions and grimaces which arc disagreeable. By 
training for a year or more, some patients are able to entirely dissociate 
these 2 groups of movements; others are not completely successful in this 
dissociation. 

POSTOPERATIVE EXERCISES. —No matter which nerve has been used, the 
final results will not be attained until 2, and in some cases 3, years have elapsed 
from the time of operation, and during this time the patient must follow per¬ 
sistently a series of systematic progressive exercises for the development of 




596 


PEKIPIIEIIAL AND CEANIAE NEEVES 


control in the previonsly paralyzed muscles, as well as the systeibatic use 
massage and electricity. 

When regeneration begins in the facial nerve after sueh an anasto¬ 
mosis, the after-treatment really amounts to the edneation of an entirely new 
set of cortical cells in the control of the previously paralyzed muscles of one side 
of the face. 

Briefly the progressive exercises may be outlined as follows: When volun¬ 
tary motion first appears in the chin 
and at the angle of the mouth, it may 
be greatly intensified in faciohypo- 
glossal cases if the patient will vol¬ 
untarily cause excessive action of the 
uiuselcs supplied by the hypoglossal 
on the sound side and as much of the 
hypoglossal as may remain undivided 
on the paralyzed side. Pushing the 
tongue firmly against the front teeth 
seems to be a particularly good adju¬ 
vant. This overaetivity of the hypo- 
glossals seems -to cause a great over¬ 
flow of nerve impulse into the anas- 
tonio.sed facdal nerve with consequent 
increased activity in those muscles 
supplied with regenerated fibers. 
The rate of improvement is thus ac¬ 
celerated. 

In the early period all the mus¬ 
cles which have regained any power 
contract together, with a resulting 
grimace. The training then aims at 
the control of individual muscles or small related groups before the mir¬ 
ror until the grimace is dissociated into its component parts, and the different 
small groups of muscles can be used freely and independently of all the other 
groups. 

Then finally the attempt is made to regain emotional symmetry of the face. 
Standing before the mirror, the patient voluntarily makes the paralyzed side of 
the face'symmetrical with the normal side during various expressions of emo¬ 
tion. After long practice, a very few patients can balance the face automati¬ 
cally, but the great majority of them, if caught unexpectedly, express the-emo¬ 
tion only with the normal side of the face until they catch up and balance volun¬ 
tarily. 

It will thus be seen that no face resulting from a facial anastomosis will 
ever be as good as a perfectly normal face, but it is infinitely bettor than a 
permanently paralyzed one. 



in Fig. CO. (After Cushing.) 
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Neuralgia of tiie Sensory Portion of the Seventh Cranial Nerve 

It has been pretty definitely proven that the pars intermedia, or nerve of 
Wrisberg, is the sensory root of the seventh cranial nerve, and runs out to the 
geniculate ganglion, which is its trophic center. This ganglion and its sensory 
root may he the scat of severe neuralgia analagous to that in the Gasserian 
ganglion and its nerves (Hunt, 42). (See anatomical relations previously 
described.) 

The pain in neuralgia of this nerve is severe, sharp, and stabbing, and is 
referred to the external auditoiy canal and the upper posterior adjoining por¬ 
tion of the inner snrfac-c of the auricle. It may be associated with neuralgic 
pains in the Gasserian ganglion r(igion, or with neuralgic pains in the distribu¬ 
tion of the 2 upper cervical nerves. When this pain cannot be controlled by 
medical means, the only relief lies in surgical attack. Since some of the sen¬ 
sory filaments may be in(;ludcd in the motor part of the seventh or in the upper 
portion of the eighth cranial nerve, or in both, the mdy sure relief from pain 
consists in the division of the motor seventh, the pars intermedia, and the 
upper portion of the eighth. An ojxiration for this purpose has been reported 
only once. (Clark and Taylor, 03.) 

Division of the Motor Scrnini., Pars Intermedia, and the Eighth .—The only 
feasible site of attack is in the posterior cranial fossa, where all 3 nerves con¬ 
verge to cuter the internal auditory meatus. Section of the nerves just pos¬ 
terior to this meatus will cause facial paralysis through division of the motor 
seventh, and will cause temporary disturbance of hearing from division of the 
upper part of the eighth, but the pain is completely relieved. Inasmuch as the 
sensory fibers arc divided between their trophic center (geniculate ganglion) 
and the central nervous system, there will be a permanent degeneration of the 
fibers and, therefore, permanent relief from pain. The motor fibers on the 
other hand being divided distal to the central nervous system and therefore 
distal to their trophic centers, will unite, regenerate, and again take up their 
function. This return of control of the face muscles started in the 1 case 
reported after about G months, and was nearly complete in a year. The patient 
was seen only at long intervals, so that the exact time of return of power in the 
face was not noted. 

This is quite in line with the results obtained in section of the posterior roots 
in the Gasserian neuralgia, where motor power will return in the muscles of 
mastication if the roots are simply divided and not avidsed. 

TECIINTC —Ether is used, and is administered through rubber tubes passed 
through the nares to the laryngeal entrance, so as to keep the etherizer out of 
the way of the operator. 

The patient is placed prone on the table with cushions under the shoulders 
and the head hanging forward so as to give a good exposure of the operative 
field and still leave the chest free for respiratory movements. Some of the 
head-rests specially devised for operations on the posterior fossa are very useful. 
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(See chapter on Cerebellar Surgery.) An osteoplastic flap is turnfed down. Its 
outer edge lies just within the posterior border of the mastoid, the upper border 
about 2 cm. above the line of the lateral sinus, and the inner border just to the 
same side of the median line; the lower, or hinge border, well down toward the 
foramen magnum. A dural flap is cut with its base turned toward the median 
line, its upper edge just below the lateral sinus, its outer and inferior edges just 

within the corresponding bone 
edges. A flat blunt retractor is 
passed along the outer side of the 
cerebellum beneath the dura to 
the base of the petrous bone, along 
the posterior surface of which it 
is gently inserted, retracting the 
cerebellum, backward and toward 
the median line, until the cerebro¬ 
spinal fluid at the base of the 
brain escapes in considerable 
qTiantity with a rush. Immedi¬ 
ately the cerebellum retracts eas¬ 
ily, and the nerve field is exposed. 
Care must be taken not to mis¬ 
take the ninth, tenth, and eleventh 
nerves passing through the fora¬ 
men lacerum posterius, for they 
lie directly beneath the internal 
auditory meatus, into which the 3 
nerves sought enter. In the one 
case operated upon this hap¬ 
pened at first, and only the jump¬ 
ing of tho shoulder when the 
eleventh nerve was stimulated in¬ 
dicated which nerve was under inspection. Retraction, which exposed the 
space immediately above, readily brought into view the seventh and eighth 
nerves and the pars intermedia (Eig. 02). The seventh, the pars intermedia, 
and the upper fasciculus of the eighth nerve are cut. Tho retractor is slowly 
withdrawn, allowing the cerebellum to return to its proper space. The dura 
is closed bj^ a continuous catgut suture. The bone flap is laid back in place. 
The periosteum is sutured with 20-day chromic catgut. The muscles are 
sutured with plain gut, and the skin with a continuous silk suture. No 
drainage is used. Sterile dressings are applied. 

Discussion of Technic. —The flap is made large so that the cerebellum 
may be retracted easily and without undue compression. It is carried well 
above the lateral sinus so as to get bone thick enough to bevel on 3 sides and thus 
enable one to lay the flap back without bone sutures and without danger of its 



Fio. 62.— Intracranial Nerve Section. A, Dura 
covering occipital lobe; B, 0.steoplastic flap; C, ix, 
X and xi cranial nerves entering foramen lacerum 
posterius exposed by retracting the cerebellum toward 
the median line; D, vii and viii cranial nerves and 
pars intermedia entering the internal auditory mea¬ 
tus; £, lateral sinus. 





OPEEATIONS THE CRANIAL NERVES 


599 


pressing on the brain. The inferior portion of the occipital bone is quite thin. 
The bone flap is cut by the Hartley-Kenyon motor saw. 

•After the dural flap is made and the cerebellum retracted, 2 things are found 
very useful: a suction apparatus working on the principle of the Sprengel 
pump, which keeps the field free from cerebrospinal fluid and blood; and a 
small cystoscopic bulb-light on a flexible stem, so that the light can be placed 
right in the operative field. 

When the internal auditory meatus is exposed, the nerves are seen entering 
it with an artery of moderate size—the auditory. This artery is carefully re¬ 
tracted, as it would be rather troublesome to tie in a wound of such depth. If 
it must be divided, the Cushing silver clips will be most convenient. 

The seventh, the pars intermedia, and the upper fasciculus of the eighth 
cranial nerve are divided with a scalpel. The result is a complete facial palsy, 
some temporary disturbance of hearing, and complete disappearance of the 
characteristic pain. 

This operation gives ample exposure for carrying out this division of the 
seventh and its associated nerves just posterior to the internal auditory meatus. 
If the bone flap is carried well out toward the mastoid, but little manipulation 
of the cerebellum is necessary, so that the removal of bone from behind both 
lobes of the cerebellum is not required. Hemorrhage is free while making the 
incision through the soft tissues down to the bone, but may be readily con¬ 
trolled by the usual means. With displacement of the cerebellar lobe, there 
usually escapes a considerable quantity of cerebrospinal fl\iid from the great 
posterior cistern, and then the cerebellum may be displaced with considerable 
freedom and the operative field opened up very satisfactorily. 

RESULTS.-— The wound heals by primary union and after a time the hone 
flap becomes solid with the rest of the .skull, so that there is no ultimate defect. 
There is complete and permanent disappearance of the pain. There may be 
slight disturbance of the a\iditory sense on the side of the operation, but this 
disappears within a short time. The paralysis of the face gradually disappears 
in the course of the first year after the operation. 

This type of case is by no means infrequent, and when it comes to be recog¬ 
nized, many cases of intractable otalgia will be relieved by surgical interven¬ 
tion. 

Many operators do not use the osteoplastic flap, feeling that the thick layers 
of muscle and fascia give sufficient protection to the cerebellum, but the ease 
with which the operation just described was done and the perfect skull 
which resulted would lead me to attempt the same method a second time. 
Instead of doing the osteoplastic operation, they reflect the soft parts from 
the occipital bone on the side to bo operated upon and'remove all of the 
hpne within the limits of the lateral and occipital sinuse.s, the posterior 
border of the mastoid externally, and the edge of the foramen magnum 
inferiorly. Erom this point on, the operation is the same as that previously 
described. 
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EIQHTH CRANIAL NERVE 

The eighth cranial nerve is attacked surgically in cases of persistent tinnitus 
aurium, incurable by other means, and also occasionally in cases of very per¬ 
sistent vertigo, due to derangement of the internal ear. Not many cases have 
been reported, but there has been an occasional complete success. Frazier re¬ 
ports complete success in a case of tinnitus aurium. 

The operation is the same as that described for division of the facial nerves, 
except that only the auditory nerve, provided it can be isolated, need be divided 
after the group of nerves entering the internal auditory meatus has been ex¬ 
posed. With the division of the entire auditory nerve, there will, of course, re¬ 
sult absolute loss of function oT the nerve on that side forever. 

Bryant says that those cases of persistent tinnitus aurium are most apt t ) 
get relief from section of the auditory nerve in which there is complete deaf¬ 
ness to air-conducted sound but aood appreciation of bonc-eonducted sound. 

In aggravated vertigo of labyrinthine origin this operation has afforded 
marked relief in many cases, but has resulted in real cure in very few. 

TENTH CfRANIAL NERVE 

The tenth nerve is occasionally injured in the course of operations in the 
neck. Under these circumstances, immediate end-to-end suture of the nerve 
should be done. If the nerve is injured on only one side, there is seldom any 
serious resulting disturbance. 

The tenth nerve is sometimes resected on one side of the neck in the course 
of block dissection for malignant growths without serious consequences result¬ 
ing from this particular feature of the operation. 

Operations on tlie tenth nerve, as such, are few and have not been sulliciently 
standardized to warrant detailed description. As a matter of interest, it may be 
stated that in one case (Byrne and Taylor, not yet published) the upper 
ganglion of the right piieumogastric nerve was removed in toto in a case of 
tabetic crises, in which pain was the minor symptom, but nausea and vomiting 
were constant. It is in this type of case that Professor Foerster of Breslau 
says the lesion is in the piieumogastric. The patient died on the third day, 
after delirium cordis, dyspnea, edema of the lungs, and coma had rapidly fol¬ 
lowed each other. During this time, however, he did not vomit at all, except 
once or twice during his recovery from the ether. 

Another operation has been done several times in Germany for tabetic 
crises of the above type. It consists in resecting several inches of both the right 
and left pneiimogastric nerves as they pass onto the stomach after passing 
through the diaphragm with the esophagus. The persistent vomiting is said 
have ceased. 
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ELEVENTH CBAKIAL NESVE 


Anatomical Considerations.—The eleventh nerve passes through the foramen 
lacerum poster ins in company with the ninth and tenth nerves, passes down¬ 
ward and outward either in front of or behind the internal jngadar vein, crosses 
the second transverse process and enters the deeper surface of the sternomastoid 
muscle at about the junction of its upper and middle thirds, gives motor 
branches to this muscle, and then the remainder passes through the muscle and 
leaves the posterior border at or just above its middle. It then runs obliquely 
downward and outward across the posterior cervical triangle to enter the 
trapezius muscle. 

Indications for Operation.—This nerve is not infrequently divided during 
the excision of glands of the neck, either in the anterior or posterior triangle. 
If divided in the anterior triangle, both the sternomastoid and trapezius muscles 
are paralyzed; if in the pos¬ 
terior triangle, the trapezius 
muscle alone is paralvzcd and 
there results a marked drop- 
shoulder with undue promi¬ 
nence of the upper angle of 
the scapula, and m a r k e d 
atrophy of the trapezius. 

While these combined factors 
cause marked defonuity, there 
is surprisingly little loss in 
range of motion of the extrem¬ 
ity. In some cases where the 
trapezius gets much of its 
motor supply from the iippcr 
cervical nerves (II, III and 
IV), division of the spinal ac¬ 
cessory causes almost jio symp¬ 
toms. If the accidental di¬ 
vision of the nerve is discov¬ 
ered at the time of operation, 
immediate end-to-end suture 
should bo done, and the ex¬ 
tremity should bo sustained by 
a sling or brace to prevent un¬ 
due traction on the paralyzed 

muscles until regeneration of the nerve and return of power have occurred. 

If section of the nerve is discovered only by'the appearance of the paralysis 
during convalescence, the wound should be- promptly opened and the divided 
ends sought and sutured. 



Fia. 03.—Exi-osuiiB of Spinai. Accessory by a Trans- 
VEUrtE Incision 'Following Natural Wrinkles of 
Skin of Neck. 1, Spinal ncccssory nerve; 2, in¬ 
ternal jugular vein; 3, posterior belly of the digastrio 
muscle. 



UNILATERAL LAMINECTOMY 


eo2 

Even after years, it is worth while to seek the ends, freshen and suture them. 
The danger is practically nothing and the reward, in successful cases, is*great. 
In these old cases, if in the posterior triangle, the do^vnward displacement of 
the shoulder drags the distal stump far downward, so that the search must bo 
made in the line which the nerve, thus pulled upon, would naturally follow. 
The shoulder, after the nerve is sutured, must he held well up toward the neck 
to relievo tension, both on the nerve and the paralyzed muscle, until function 
has returned. 

Outside of its use for anastomosis with the facial nerve, which has previ¬ 
ously been described, the only operation on the eleventh nerve consists in resec¬ 
tion of it for wry-neck in conjunction with section of the upper cervical nerves. 

Technic. —The best incision is parallel to the transverse creases in the cervi¬ 
cal skin (Fig. GH). The incision should be about 3 to 5 cm. long and should be 
placed at the level of the junction of the upper and middle thirds of the sterno- 
mastoid muscle. The incision runs through the skin and subcutaneous tissues 
down through the layer of deep cervical fascia which surrounds the sternomas- 
toid muscle. The edges of the wound are retracted and the anterior edge of the 
sternomastoid muscle is retracted outward and somewhat everted. After com¬ 
plete hemostasis, one will usually sec the spinal accessory nerve coming down¬ 
ward and outward over the second transverse process and entering the deeper 
surface of the muscle. If the nerve is not thus easily located, one must seek 
upward and downward along the deeper surface of the muscle for a short dis¬ 
tance until it is located. It may be tested by the electric current to positively 
identify it. Having been identified, as much of the nerve trunk as can be con¬ 
veniently resected is removed. The space in the sternomastoid muscle is sutured 
over the buried distal nerve end and the proxijiial stump may also be buried in 
the ceiwical fascia in order to increase the security against regeneration and 
xinion of the nerve ends. The wound is closed without drainage (catgut for the 
fascia, silk for the skin) and the dressings are applied. 

TWELFTH CBAHIAL NEBVE 

The twelfth nerve is not important as a surgical entity. It is used as de¬ 
scribed in facial anastomosis as a .soxircc of new nerve supply. It is often in¬ 
jured in cut-throat accidents* and sometimes in surgical operations in its neigh¬ 
borhood. When so injured it should be sutured end to end. 


UNILATERAL LAMINECTOMT 

Indications. —The indications for unilateral laminectomy are as follows: 
For any exploration of the spinal canal. 

For section of the posterior roots on either 1 or both sides. 

For spinal decompression. 
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When a tumor is exposed by this method, if necessary for its safe removal, 
the lamina? of the opposite side may ho readily removed and the operation con¬ 
verted into a bilateral laminectomy. 

The method is scarcely applicable to work on fractures of the spine where 
the injury is bilateral. 

Anatomical Features. —The anatomical features to be appreciated are the 
spinous processes, surmounted by the supraspinous ligament, and tho row of 



Fio. 64. —Rethactou Especially Desionkd for Laminectomy. It has the advantage of holding the 
skin and superficial muscles well out of tho way and so allowing plenty of light to get to the depth of 
the wound. 



Fia. 05 .—Periostbali Elevator. 



Fio. 60.—Periosteal Elevator for Liptino Muscles from Spinous Processes and Lamin.®. 



Fio. 07.—Hudson Set. 
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articular processes on, each side with the laminse between. In the cervical 
region the groove formed by these bony elements is broad and somewhat shal¬ 
low ; in the dorsal region narrow and fairly deep; while in the lUmbar region it 
is of medium width and considerable depth. • 

In the dorsal region the laminai overlap each other so that there is no inter¬ 
laminar space through which to 
enter the canal, while in both 
the cervical and lumbar regions 
there is a definite interval 
which may be increased by 
flexion of the spine. The lam¬ 
inae are connected by strong 
ligamentous structures. 

Between the inner wall of 
the bony canal and the dura is 
a layer of fat with a connective tissue framework carrying a freely anastomos¬ 
ing set of vessels. This layer is from 2 to 4 mm. thick. 

Within the dura, which is somewhat less than 1 mm. thick, lies the cord sus¬ 
pended in a liberal amount of spinal fluid and anchored by the ligamentum 
denticulatum which runs down each side of the cord between the anterior and 




Fia. 72. —ScisBORS Designed to Allow Rapid Cutting 
OP Dura Without Damage to Underlting Stroc- 
TURES. 


posterior roots as they pass downward and outward to perforate the dura and 
pass into the intervertebral foramina where the ganglion lies attached to the 
posterior root. 

The cord ceases at the level of the second lumbar vertebra, and below this 
level are found only the conus and the nerves forming the cauda equina. 



Instruments. —The instruments consist of a special set of retractors (Figs. 
64 to 74), a periosteal elevator, a set of Hudson burrs, special rongeurs, special 
dura scissors. Lane’s needle holder, Peaslee needle, in addition to the ordinary 
supply uf knives, scissors, hemostats, thumb forceps, needles, ligatures, sutures. 
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etc., which are used in all operations. Horsley’s bone wax is occasionally useful 
when there is persistent bleeding from the divided bone. 

Technic. —After it has been decided which laniintc are to be removed, an 

incision is made parallel to the spinous 
processes but just to the side from which 
the lamina? are to be taken, so as to preserve 
the supraspinous ligament. First the skin, 
then the deep aponeurosis, and finally the 
muscles along the sides of the spinous 
processes are divided, hugging close to the 
bone. 

With a -broad periosteal elevator, the 
muscles are raised from the laminm well 
out to the articular processes.* Hemorrhage, 
which is often profuse at this stage, is con¬ 
trolled by packing the wound with sponge 
pads wrung out of hot saline solution, 
which are left in place for from 3 to 5 
minutes. It is very rarely necessary to use 
a hemostatic forceps. 

With the special retractors, the wound is held well open, exposing the de¬ 
nuded lamina? in the depth of the wound. These retractors with the obliquely 
placed prongs have the advantage of holding the skin and superficial layers of 
muscle well outward and making the wound a broad wedge-shaped one instead 
of the narrow deep one which is given 
by the usual right-angled retractors. 

In the cervical and lumbar re¬ 
gions, where the lamina? are not closely 
apposed, the ligamentous structures 
attached to the lower edge of one of 
the lamina?, usually near the middle 
of the wound for convenience, are di¬ 
vided with the knife, and then the 
rongeur or punch (Fig. G6) is slipped 
under the lamina and is made to 
punch a groove upward through the 
various lamina? to the upper end of 
the wound. The punch is then re¬ 
versed, and the lower lamina? punched 
out in like manner. The bone on each 
side of the groove is then removed as far as necessary by using the various 
rongeurs. Considerable increase in space and illumination is obtained by 
beveling under the base of the spinous process (Figs. 75 to 77), and still more 
by encroaching upon the articular processes when necessary (Fig. 77). In 



Fio. 76.—A Dorsal Vertebra. 



Fio. 75 .—A Cervical Vertebra. 1 shows 
how beveling under the spinous proc¬ 
ess gives good exposure of the oppo¬ 
site side of the cord. 2 indicates how 
the removal of the lamina out to that 
line gives a good view of the dorsum 
and side of the cord, and, with very 
little elevation of the cord, a good view 
of at least half of the anterior surface 
of the cord. 
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the dorsal region, where the laminae are closely imbricated, the start for the 
punch is obtained by boring through one or more of the laminae with the Hud¬ 
son burrs which make a hole large enough to give easy entrance to the punch. 

When the laminae have been satisfactorily removed, oozing from the bone 
surfaces is controlled by 
bone wax, and the other 
hemorrhage by hot saline 
sponge pads. The layer of 
fat between bone and dura 
is divided longitudinally, 
exposing the dura. (Fig. 78.) 

With a sharp-pointed 
knife the dura in about the 
middle of the wound is 
punctured and the spinal 
fluid allowed to escape 
somewhat slowly. Then 
the snout of the special 
dura scissors (Fig. 72) is 
passed into the aperture, 
and the dura is divided the 
length of the wound. It 
will readily be seen that 
these scissors properly used 
give perfect protection to 
the subdural structures. 

(Fig. 72.) 

No special attention is paid during the course of the operation to the escape 
of spinal fluid. 

After the object of the operation has been accomplished and hemorrhage 
within the dural canal stopped, the dura is closed tight by a continuous, fine 
catgut suture. This is best accomplished by means of the Lane holder and 
needles (Fig. 73). 

By means of the Pcaslce needle (Fig. 74), which is passed through the 
muscles previously separated from the spinous processes and lamina?, and then 
between the spinous processes and up through the muscles of the opposite side, 
chromic catgut sutures are passed at the rate of 1 for each vertebra. When 
these are tied (after- all are in situ), the muscles are held snugly against the 
spinous processes where they belong, and oozing from the muscle is controlled. 
The deep aponeurosis is closed by a combination of interrupted and continuous 
chromic catgut sutures. The skin is closed by silk sutures. 

No drainage is ever used. The dressing consists of sterile gauze pads fixed in 
place by adhesive plaster straps, over which cotton is held in place by a bandage or 



Fiq. 77.—A Lumbar Vertebra. If the removal of bone be¬ 
tween 1 and 2 docs not give sufficient space, the removal may 
be carried out to line 3 including the articular process. 
This gives ample exposure and has no disagreeable sequels. 



60S 


UNILATERAL LAMINECTOMY 


binder. No attempt ia made at immobilizing the spine by plaster or otlicr moans of 
fixation. 

Patients are kept in bed for 14 days and tlicu allowed to get about gradually. 

If at any time during the course of the operation it scorns (lcsiral)lo to convert the 
procedure into a bilateral laminectomy, tliis is readily accomplished. The spinous 



Fig. 78. —Unii.atbbal Laminbctomt from Fig. 79. —Same Dissection with Dtiba Split 
THE D xii TO S’ V. The nerves leave and Held Open ny 6 Silk Sutube Rd- 

the spinal canal just about on a level tractors Showing Cauda Equina. 

with the spinous process of the corre¬ 
sponding vertebra. 

processes may be clipped off at their bases by bone forceps or divided by saw, and then 
the spinous processes and the muscles are pushed over so as to expose the laminse of 
the opposite side, which are removed by the rongeur as far as necessary. 

Advflutages and Limitations.—With the special tools devised for the purpose. 
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this operation is but slightly more difficult and somewhat slower than the ordinary 
laminectomy. U.herc is rather less hemorrhage and decidedly less damage to the bony 
protection of the cord. After healing ha.s occurred, the anutomieal conformation, the 
flexibility and the function of the spinal colvimii are perfect. 

The author has used the method iu 4.5 cases, iu all parts of the spine from the 
first cervical to the second sacral, and it gives a very satisfactory exposure. Its Ivuvl- 
tationa arc chiefly found in cases of tumor so large as not to ho safely extractable 
through one side, and in eases of fracture of the spine involving lamimc of both sides. 

For ex! ’ ><ises, one can see the entire dorsum of the cord, tlie roots of 

both sidc^ / slight manipulation of the cord, can expose the anterior 

half of the side of the operation. 
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OPERATIONS UPON THE MUSCLES, TENDONS, BURS.® AND FASCIiE 
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THE MUSCLES 
INJURIES OF THE MUSCLES 

Conditions calling for operative interference in diseases of the muscles 
are rare. The surgeon is more often called upon to treat wounds, subcutaneous 
injuries, hernia and ruptures of muscles. 

Subcutaneous Injuries of Muscles.—Subcutaneous injuries of muscles result 
from external violence or from muscular action. The lesions vary from 
the tearing of a few fibers to the rupture of the entire muscle belly. The 
predisposing causes are degeneration of the muscle from any cause, such as 
typhoid, disuse, and chronic alcoholism. The lesser degrees of muscle tears are 
quite common, and aside from the pain and inconvenienco experienced during 
the period of repair, cause no permanent disability. The sufferer from such 
an injury should have the part firmly strapped, and should be encouraged to 
use the injured member as much as possible. Prolonged rest of the part is 
the worst treatment that can be employed, as it greatly lengthens the period 
of convalescence. The amount of exercise to bo employed each day should 
be measured by the surgeon. If not followed by pain, persisting for some time 
after discontinuance of the exercise, the limb has not been too much used. 
Repair takes place through organization of the blood clot filling the gap in 
the torn muscle. 

Hernia of Muscles. —This is a rare lesion of muscles. It occurs most 
often in the recti and the adductors, their fascial sheaths having been torn by 
direct violence, by muscular action, or from some slight exertion in one suf¬ 
fering from disease, such as typhoid. The underlying muscle often shares in 
the injury. Recognition of the injury from the history and the presence of the 
■characteristic physical signs is easy. Repair of the tear in the muscle should 
be made, as well as suturing the rent in the sheath. 

Rupture of Muscle^ in the Arm and Leg as the Result of Muscular Violence. 
—Muscular violence is the most common cause of rupture of muscles in the ex¬ 
tremities. The origin or insertion of a muscle may be torn loose, or the tear 
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sforosa belly of the muscle. Eestoration of function is not poasi- 
; ftoort to operative measures. 

muscles most frequently, ruptured in the arm are the biceps, its long or short 
or its attachment to the tubercle of the radius; the coracobrachialis; and the long 




Fio. 1 .—Relaxing Sctcbes: Distant 
AND Mattress. 



Fio. 2.—Distant Sctcbb: Im¬ 
mediate Suture. 


Io88*^of^f!!'nctf/!r^^ If these iniunes are not to be followed by marked weakness and 
of function, operative interference is imperative. 

Tint PJ^^eduro to be followed in a given case will be determined by the 
ature and location of the injury. Rupture of a muscle belly calls for suture. 

^ is best done with chromic gut, 

using2 varieties of suture: distant, for 
relaxation; and immediate, for accu¬ 
rate adjustment of the divided ends. 
The distant sutures, utilizing the fas¬ 
cial sheath, embrace large masses of 
muscle, thus offering better liolding 
qualities; and are therefore used ' 
wherever possible, for bringing the 
ends of the muscle together and hold¬ 
ing the immediate line of suture re¬ 
laxed. The mattre.ss suture is the best 
lor this purpose. The immediate su¬ 
ture, continuous or interrupted, se- 
cures close alignment of the muscle. 
Where the tendon of a muscle is torn 
rom Its origin or insertion, it is best 
secured by suturing it under a flap of 
periosteum, or securing it by 1 or 2 
chromic gut sutures passed through 

holes drilled in the bone. 



Fio. 3.-RUPTUBB or Inner Belly or Right 
trASTROCNEMIUS. 


In the leg, the muscle most frequently 
As thTI) Plantaris. resulting 

hare th!. often 


in what is called “tennis players’ leir” as rh« t . • - -- 

m .he Wc P.rt «, ,h. 
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doubt that the plantaria is always at fault. The giAtrocnemius Atid< MletiSi a}S9‘i0^%^ 
superficial group, may have their fibers tom and be responsible ror the ayinpt(»as 
monly laid at the door of the plantaris. There is no proof th^t the tibialis iMjatibtts atid ^ 
the long flexors of the toes and of the big toe may not at times be tom and give risei 
to the symptom-complex. 

Proof is not always at hand, but the accompanying figure, made from 
a picture of an actual condition, shows that the gastrocnemius may be the 
torn muscle, producing the train of symptoms usually ascribed to the plantaris. 
Treatment has been indicated above. 

Subcutaneous Rupture of Muscles.—Subcutaneous rupture of a muscle ac¬ 
companying fractures and dislocations is but a minor part of the lesion and 
receives attention only when an open operation is undertaken for repair of 
the principal injury. Open wounds of muscles, resulting from trauma or in¬ 
volving laceration of the soft parts, or occurring in the course of an operation, 
are treated along the lines laid down for suture of muscle. 

DISEASES OF MUSCLES 

Degeneration and Atrophy of Muscles.—Degeneration of muscles occurs 
from prolonged intoxication, in sepsis, tuberculosis and typhoid, and chronic 
poisoning from lead and alcohol. Re¬ 
generation can take place on recovery 
from disease, as is seen in typhoid cases, 
exhibiting that form of waxy degenera¬ 
tion known as Zenker’s. 

Atrophy of muscles may occur from 
disuse, overwork, malnutrition, and cut¬ 
ting off of their nerve supply, or may be 
of the physiological or senile type. 

The treatment of the forms sus¬ 
ceptible to improvement consists in the 
removal of the caiise and the use of 
massage, electricity, hydrotherapy and 
exercise. In eases where the muscle 
atrophies from being deprived of its 
nerve supply—the nerve being tom as 
the result of some injury, involved in a 
callus during the repair of a broken 

bone, compressed in a mass of scar tis- f - Paralybis of Trapezius. Double, 

^ V xollowing nerve section in removal of cervical 

S116j or ftCClQGIltally dlviciGCl in tllC lymph nodes; diagrammatic. 

course of an operation—return to nor¬ 
mal, and relief from paralysis is possible, even after long periods of time, by 
suture of the nerve ends or by freeing the nerve from the structures that com¬ 
press it^ 
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Volkmann’s Ischemic Contracture. —Volkmann and Leaer describe a condi¬ 
tion in the muscles following injury, occurring most often in the forearm, hut 
sometime^ in the leg, and resulting in the speedy degeneration of the muscles 
involved. 

The injury most frequently eausing this condition is a fracture of the humerus 
near the elbow, or a fracture of the bones of the forearm, in some way interfering with 
the arterial blood supply. In this manner, together with the application of too tight 
splints (though in some of the cases these have not been used), a condition of ischemia 
is brought about, inducing a speedy degeneration of the muscles deprived of their 
arterial blood. 

Efforts to produce this condition experimentally have not been successful, 
yet' when wo consider that the muscles are the most highly specialized tissues 

in the extremities, it seems a rea¬ 
sonable inference that they should fol¬ 
low the rule of all tissues cut off 
from their blood supply; i. e. the more 
highly specialized the tissue, the more 
quickly, when deprived of blood, does 
it show degenerative changes. That 
the condition is not due to nerve in¬ 
jury, is proved by the failure to demon¬ 
strate disease of the nerves in the cases 
examined, and to the very prompt de¬ 
velopment of the hard, indurated mus¬ 
cle masses (often occurring within 24 
hours) which is the charactcristie lesion 
of this condition. That it is not an ex¬ 
tension to the muscles from the pres- 

FIO. 5.-ANTERIOB View or Fioure 4. 8"^® spots seen in the skin, is shown by 

the fact that the induration in the mus¬ 
cles occurs, at times, remote from the skin lesion. 

The secondary deformities and the paralysis of distant groups of muscles 
are the result of the contracture of the degenerate muscle mass. The short¬ 
ened and functionless muscles cannot be extended, and the fingers are held 
flexed in the palm. If the wrist is flexed, the fingers can be extended. If 
the wrist is extended, the fingers are drawn back into their former position 
of flexion. 

The paralysis of the muscles of the thenar and hypothenar groups comes 
later, due to the compression of the median and ulnar nerves as they traverse 
the indurated and contracting muscle mass in the forearm. These are not a 
part of the lesion, but the natural consequence of compression of nerve trunks 
traversing contracting scar tissue. 

TREATMENT. —Treatment, to bo intelligent, must be carried out with 
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two conditions in mind: the one, the degenerated muscle mass; the other, the 
paralysis of distant groups of muscles due not to the original lesion, but to 
nerve compression by secondary contraction of scar tissue in the transformed 
or degenerated muscles. No rules can bo laid down as to procedure, as each 
case must be judged by itself. It might be thought that prevention .would 
be the best treatment. While not minimizing for a moment the importance of 
exercising the utmost care in the application of splints, especially those en¬ 
circling an extremity, there seems to be plenty of evidence that this condition 



Fio. G.— Volkmann’s Ischemic Contracture. (Drawing from a photograph loaned by Dr. F. S.- 

Mathews.) 

is the result of a combination of unfortunate sequences—unfortunate in that 
they occur close together—rather than the result of improper treatment on the 
part of the surgeon. 

Not all cases arc of like severity. In those where much muscle tissue has 
undergone degenerative changes, the prognosis is bound to be bad. In the 
lesser degrees of the lesion much can be accomplished by efforts at continuous 
traction, massage, hydrotherapy and the use of electricity. ' Volkmann ad¬ 
vised the stretching of the muscles under an anesthetic. This was seldom 
followed by permanent improvement. Attempts to improve the position of 
the hand and diminish the deformity by lengthening the tendons, resecting 
the bones of the forearm, and dividing the tendons, have been undertaken. 
Division of the tendons gives no actual relief. Resection of the bones of the 
forearm, while accompanied by the risk of non-union, can only diminish the 
deformity and do little to help function, as it renders the muscles on the back 
of the forearm too long and in no way corrects the paralysis of the degenerated 
group. Lengthening the tendons was the only measure, among the earlier 
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operations, attended by any degree of success. Drehmann in 1904 tried to 
dissect out the imprisoned nerves. Ho divided the sclerosed muscles, length¬ 
ened therti and sutured them to the healthy flexor profundus. Bardenheuer, 
in 1906, and Hildebrand, in the same year, dissected through the scar tissue 
and :^eed the nerves, Bardenheuer “dissected oft” the contracted muscles 
and freed the nerves. Hildebrand, Ferguson, Powers, Quinby, and Cushing 
dissected out the nerves, in some cases transplanting the nerves from their 
bed to beneath the skin and superficial fascia. 

The procedures to be undertaken in an individual case must depend upon 
its peculiar features. Estimating the degree of involvement of the miiscles in 
the primary lesion, recognizing what groups of muscles remain uninjured, 
which could be utilized to attach the tendons of paralyzed muscles to those 
having similar function, noticing what nerves must be freed to restore func¬ 
tion in distant groups of muscles rendered useless by the compression of their 
nerve trunks traversing the cicatricial mass, will determine just what steps are 
necessary to improve the condition. 

Liberation of the nerves should begin in healthy tissue on the proximal 
side of the lesion; the nerves are thus more easily followed through the dense 
cicatrix of the muscles. To correct the deformity, lengthening of the tendons 
of the involved muscles and their transplantation, in whole o'r in part, to 
tendons of muscles uniuvolved, having similar function, should be undertaken. 
Time is an element to be considered, as most of those suft’ering from this con¬ 
dition are young subjects. It is inadvisable to attempt too much at a single 
operation. It would seem better to follow the nerves through the cicatrix, 
resecting and suturing when necessary, longitudinally dividing the sheath, 
freeing the axis-cylinders if there is scar tissue within the sheaths, and placing 
the nerves beneath the superficial fascia. 

A second operation for the relief of the contractures and deformity, and 
tendon transplantation for the reestablishment of function, should be under¬ 
taken if these cannot be accomplished within reasonable time at the first opera¬ 
tion. The after-treatment of these cases is most important, and if not pains¬ 
takingly carried out, all benefit from the operative procedures will be lost. 
It should consist in active and passive movements, massage, use of the faradic 
current, and hydrotherapy. These measures must be carried out for months 
to secure the full benefit from the operative work. 

Inflammation of Muscles.— Simple myositis is usually the result of trauma, 
and being a stage in the process of repair, calls for no operative treatment. 

Suppurative myositis occurs in 2 ways: (1) where the infecting pyogenic 
organisms reach the muscle through some wound or from some neighboring 
acute phlegmonous inflammation of the skin and subcutaneous tissue; (2) 
where the organism is carried by the blood stream in the acute infectious 
diseases, siich as pyemia, typhoid, etc. As the muscle tissue itself is very 
resistant, the interstitial tissue is found to bo the site of the cell proliferation 
/jnd accumulation of piis cells. The pressure thus produced interferes with 
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the nutrition of the muscle bundles, and they undergo granular, fatty, or 
hyalin degeneration. The process may bo so intense that the muscle bundles 
disintegrate and gangrene occurs. The process may limit ^tself to the forma¬ 
tion of 1 or more larger or smaller abscesses, or the process may involve the 
entire muscle. 

Recovery in the majority of the cases of moderate severity, and in those 
not overwhelmed by the systemic disease, occurs by the evacuation of the pus, 
either spontaneously or surgically; and some restoration of function, by the 
formation of granulation tissue between the muscle fibers, takes place. 

TREATMENT. —Treatment should be directed to the termination of the 
inflammatory process by early incision, thus limiting as far as possible the 
destructive tendencies of tbo disease, and promoting nature’s efforts at repair 
by supporting measures. Operative interference should be confined to early 
and wide incision; scraping and cleaning such an abscess cavity is unneces¬ 
sary, as once the pus is evacuated and pressure relieved nature will restore 
much that at the time looks beyond repair. 

Acute parenchymatous myositis (or polymyositis hemorrhagica) and der- 
matomyositis are forms of disease but rarely seen, and their causes are but 
little understood. Their treatment is purely empirical. 

Tuberculosis of Muscles.—The two varieties of muscle disease duo to the 
presence and growth of the tubercle bacillus differ more in the method of 
invasion than in any essential difference in type. One type of the disease 
is an extension from some neighboring tissue or organ. In the other typo the 
disease seems to be “primary” in the muscle. Tuberculosis of a muscle is 
an infiltration and replacement of the connective tissue stroma by tubercle 
tissue, often with the products of inflammation added. The muscle tissue 
itself is pushed aside and, compressed, undergoes atrophy or waxy or hyalin 
degeneration and may finally be entirely destroyed. The tubercle tissue goes 
through the various stages of its formation, development, degeneration, and 
final destruction; or if sufficient resistance on the part of the host is developed, 
it is transformed into connective tissue or is encapsulated. It is immaterial 
whether the exciting agent, the tubercle bacillus, reaches the muscle from some 
nearby focus, or is carried to the muscle by the blood from a distant part of 
the body—the disease is the same. In the second form the diagnosis may be 
delayed and treatment instituted too late to save the muscle from destruction. 

TREATMENT. —In the discussion of the nature of this disease and its de¬ 
velopment, it was noted that the tuberculous tissue grows in the connective 
tissue stroma; that it destroys the muscle fibers themselves only through the 
effects of pressure, causing them to undergo waxy and jiyaline degeneration, 
because of the diminished blood supply. The indication for treatment is, 
therefore, plain. Wlien the disease in the muscle is secondary to tuberculosis 
of bone, articulation, or lymphatic system, the cure of the primary lesion is 
essential; otherwise the removal of the local disease in the muscle will be fol¬ 
lowed by a recurrence. When the disease in the muscle seems to be “primary,” 
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having originated from some undiscovered focus elsewhere in the body, through 
the medium of the blood stream, the careful removal of the entire muscle is 
probably the best procedure. 

It is unnecessary to describe the precise steps to be taken, as the condi¬ 
tions calling for interference are too numerous to warrant an attempt at detailed 
discussion. Where an abscess or sinus has formed, its complete removal is 
indicated whenever possible. Where the anatomic conditions preclude this 
possibility, the abscess should be opened, its contents evacuated, and its cavity 
filled with an emulsion of iodoform in glycerin. The wound should be closed 
and sealed with an aseptic dressing, and the part immobilized. 

It may bo necessary to repeat this procedure. It should never be forgotten 
that one may prevent the infeption of the wound by pyogenic organisms through 
the exercise of great precaution in the performance of these operations. In¬ 
ability to pursue either of the above courses compels one to adopt other methods 
of treatment of tuberculous lesions, such as removal of as much of the diseased 
tissue as possible, sterilization of the tract or cavity with tincture of iodin, 
and treatment of it as an open wound. 

Another method that has given very excellent results in the hands of its originator 
and, many others, especially for the ramifying sinuses about a tuberculous articulation, 
is that described by Emil G. Beck. 

Beck injects the sinuses with a mixture of bismuth subnitrate and vaselin 
in the proportion of 33 per cent, of the bismuth to 66 per cent, vaselin. This 
mixture is first rendered sterile, and is then liquefied before use by heating. 
The injection of the paste is made through a small incision, which allows the 
evacuation of larger particles of tuberculous debris than could bo passed 
through a trocar or aspirating needle and assures the operator that he has en¬ 
tered the sinus. In cold abscesses Beck advises the use of 10 per cent, bis¬ 
muth and vaselin paste. The danger of this procedure is in bismuth poisoning. 
Should symptoms of poisoning appear, the paste must be removed by washing 
out the cavity with warm olive oil. The sterile oil is retained from 12 to-24 
hours, in order to make an emulsion and is then withdrawn by means of suction. 

The care of tuberculous patients, whether suffering from surgical or general 
tuberculosis, should include fresh air, sunshine and proper hygiene. The 
use of heliotherapy, as practiced by Rollier in his children’s clinic at Leysin, 
is one of the best examples of the benefit obtained by the action of sunshine 
in combination with proper surgical treatment. 

AotinomycosiB of Mnscles. —This has been discussed at considerable length 
in the chapter on Inflammations of the Abdominal Wall, and a further elabora¬ 
tion of the subject in this chapter is unnecessary. 

Hydatid Disease of Muscles. —This subject has also been discussed in the 
chapter on Inflammations of the Abdominal Wall. 

Syphilis of Muscles. —Tn both the congenital and the aequired 
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this disease, involvement of the muscles takes place. The most common form 
is the development of gummata in the connective tissue planes of the muscles. 
These, according to the activity of the disease, grow slowly or rapidly; are 
painless or, when near nerves that are pressed upon, painful; they infiltrate 
the muscular planes, producing atrophy of the muscular bundles, and—in 
cases where the resistance of the individual or treatment does not bring about 
resolution—break down and form ulcers involving the muscle, fascia, subcu¬ 
taneous tissue and skin. Except in the very exhausted and non-resistant, re¬ 
covery is easily brought about by suitable specific treatment, and healing takes 
place by the replacement of scar tissue. 

A rarer form is the so-called dilFuse syphilitic myositis, evidenced by a 
stage of infiltration, rendering the muscle hard and rigid, followed by atrophy 
and sclerosis, and finally ending in contractures. 

If treatment is instituted in the stage of infiltration, before the destruc¬ 
tive changes due to the sclerosis have taken place, recovery and return to 
normal are possible. 

Trichiniasis.—This disease is caused by the trichina spiralis. Infection 
occurs in man from the ingestion of insufficiently cooked pork. The muscle 
of the diseased pig contains the embryos of the parasite in an encysted condi- 
tiou. In the stomach the capsule of the worm is dissolved and the embryos are 
set free. They mature rapidly, increasing in size, and the females give birth, 
in the small intestines, to largo numbers of young. These find their way 
through the mucous membrane and wall of the gut into various parts of the 
body. Their exact course in leaving the gut is not fully established; they 
probably traverse the tissues in different ways. At any rate, they find their 
way to the voluntary striated muscle tissue, which they penetrate, and enter 
the muscle fibers. In this situation they become encapsulated, the capsule 
after a time becoming partially calcified, and in this encysted state they may 
remain inactive but living for an indefinite time. 

As a result of the presence of these parasites in the body, if the invasion 
be severe, acute catarrhal enteritis with diarrhea and vomiting, high fever 
and severe pain, is apt to occur. Edema of the face and other parts of the 
body, bronchopneumonia and fatty degeneration of the liver may be found in 
cases that have succumbed to the disease. 

The flat muscles, especially near their tendinous insertions, is the favorite 
site for the lodgment of these parasites. A valuable diagnostic sign is the 
marked eosinophilia that regularly accompanies this disease. 

TEEATMENT. —Treatment consists in removing as many of the parasites 
IS are still harbored in the intestine by active catharsis and intestinal anti- 
jeptics, while supporting the strength of the patient during the height of the 
lisease. In the non-fatal cases the disease limits itself. 

Ossification of Muscles. —Ossification takes place under conditions and for 
rgasons little understood. One fonp manifests itself, usually in young per- 
inVElion of the interstitial tissue of the muecleS} commencing in 
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the groups of the neck and baok. The disease is progressive, and nothing we 
now know can arrest its progress. 

A second form, occurring in muscles subjected to sudden strain or repealed 
injury, would seem to have trauma as a causative factor. The bony growths 
seen in the shoulders of infantrymen and in the adductor group of horsemen 
appear tor sustain this theory. 

Bone formation is initiated by the dislodgment of small shreds of perios¬ 
teum, which produce new bone near and continuous with the insertion of the 
muscle. In cases where the new bone is entirely free from the aponeurotic 
insertion of the muscle, we must believe that some shred of periosteum or 
fragment of bone has been pulled \ip into the belly of the muscle by muscular 
contraction. In opposition to this, we know that bone can be developed in 
any of the tissues of the body when there has been no possibility of trans¬ 
plantation. Whatever theory we may entertain as to causation, we do know 
that these last forms of ossification in the muscle, where they cause mechanical 
disability, can be benefited and c\ired by operation. 

Tumors of Muscles. —Tumors of muscle usually develop in the connective 
Stroma. Fibroma, chondroma, lipoma, myxoma, and sarcoma may occur as 
primary tumors. Carcinomata and sarcomata may develop secondarily in 
muscles, by extension from adjacent parts. 

TEEATMENT.—Treatment is the same as for these conditions elsewhere in 
the body. 


THE TENDONS 

The tendons are composed of white fibrous tissue. To the naked eye the 
fibers appear as silvery-white, glistening bundles, running parallel with each 
other. They are covered by a qiiantity of loose, flocculent tissue binding •them 
together and carrying the blood vessels. They are inelastic and excbedingly 
strong, but easily split. Regeneration, after division or rupture, takes place 
by the formation of new connective tissue between the divided ends. Whether 
this new tissue is developed from fibroblasts—derivatives from preexisting 
connective tissue cells—or Is In part formed from vascular and lymphatic 
endothelium given off as buds from the new capillary loops, is a problem for the 
pathologist rather than the general surgeon to determine. It suffices for the 
surgeon to know that the change from the young vegetative connective-tissue 
cells into long thin compressed cells surrounded by fine fibrils, and eventually 
into adult connective tissue, takes place in about 6 weeks. 

INXDBIES TO TENDOirS 

Subcutaneous Injuries. —Subcutaneous injuries to tendons are the result 
of great force applied to the tendon where it is traversing a part of its course, 
supported by bone. Where it is lying among soft parts it is little liable to 
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ihjury.. Wlien crushed, its fibers become frayed, and if this occurs in a narrow 
canal, as the sheaths of tlio palmar flexors, the suhscqueiit healing leaves the 
tendon no longer smooth and of the same diameter, but gives rise to symptoms, 
the treatment of which will be described later. 

Rupture of Tendons.—Rupture of a tendon is less frequent than tears in 
the muscle belly to which it belongs. When the tear is confined to the tendon 
alone, it occurs usually in the form of a “sprain fracture,” i. e. a small scale 
of bone is torn from the tendon’s attachment. 

TREATMENT. —Treatment has been indicated in the section under muscles. 
Here it is only necessary to state that the earlier the operative relief is insti¬ 
tuted, the better is the chanco of success. Delay means shortening of the 
muscle and the filling in of the tendon’s bed with connective tissue. An im¬ 
mobilizing dressing should bo applied after operation, with the part in such 
position as will afford relaxation. This should be worn for a period of G 
weeks, or else the new formed tissue will stretch and there will be diminution 
of function, owing to redundancy in the length of the repaired tendon. 

Dislocation of Tendons.—This condition is rare and occurs most frequently 
to the peronei muscles, 1 or both tendons being dislodged from their groove* 
behind the external malleolus, after rupture of the fibrous bands and synovial 
sheaths which commonly hold them in place. 

TREATMENT. —(A) CoNSERVATiVK. —Reduce the dislocation and maintain 
the foot in such position, by moans of an immobilizing dressing, as will hold 
the tendons in their place. Persist for about G weeks. This failing, one 
must operate. 

(B) Operative. —Make an ample incision alonp the line of the fibula, but not 
direetly over the groove. Search for the torn sheath, replace the tendons, and suture 
the sheath. If the canal has filled up and the margins of the sheath cannot be identi¬ 
fied, reeonstruct a canal behind the malleolus from neighboring fascia, or use a flap 
of periosteum, as suggested by Konig, turned downward or backward from the fibula. 

Wounds of Tendons.—These occur more frequently in the hands, less often 
in the feet, from cuts with knives, sharp objects, bits of glass; and in associa¬ 
tion with extensive injuries and lacerations, as the maiming accidents from 
machinery. The tendons are cleanly divided, crushed, or fibrillated, according 
to the character of the wound. 


Often in incised wounds about the wrist, the back of the hand and on the fingers, 
the division of the tendons is not discovered. In sharply bleeding wounds of this 
character the inexperienced operator is more concerned in checking the hemorrhage, 
and the disabling injury to the tendon goes unrecognized. It should always be the 
rule to test the function of all muscles, whose tendons traverse such a wound; for when 
the tendons are cleanly divided, the contraction of the muscle withdraws the proximal 
end from the field, and unless this precaution is observed a second operation becomes 
necessary. 
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TBEATMENT.—In all wounds that can be rendered clean, or reasonably sd, 
primary suture of the divided tendons gives the best results. In cases where 
, the injury has not been recognized, and in wounds that are infected, secondary 
suture is of necessity the procedure to be adopted. Here it should be borne 
in mind that all wounds appearing black and soiled are not necessarily in- 




Fiq. 7. 


Fig. 8. 



Figs. 7-9.—Methods of Tendon Suture. 


footed. As primary suture gives so much better results and entails such a 
saving of time, an attempt should be made at repair, even in the cases where 
the skin and surrounding tissues are soiled and black from the grime and 
grease of the machine. These wounds can often be rendered clean by placing 
a sterile pad over the wound, removing as much of the black and grease as 

will come away on 2 or 3 pads wot with tur¬ 
pentine, then cleaning the interior of the 
wound with salt solution, removing with 
forceps all foreign material, and finally 
painting the entire region with tincture of 
iodin. A wound so treated will often sur¬ 
prise one by healing as kindly as one sur¬ 
gically prepared. Too much scrubbing, in 
an effort to render the wound cosmetically 
clean, will defeat one’s purpose. 

Primary Suture of Tendons. —The 
wound being clean, or prospectively so,'after 
arresting all hemorrhage begin the search 
for the divided ends. The distal ends will 
retract but little and are easily found. The 
proximal ends may require eu extensive search. Manipulate the part by flexion 
or extension as the case requires; “milk” the muscle belly toward the wound by 
pressure with the fingers or by means of a bandage applied from above down¬ 
ward ; try to grasp the retracted ends by small hooks passed upward along the 
tendon’s sheath, and draw them into the wound. Failing in these efforts, incise 
freely the overlying tissues and discover the tendon. Cleanly divided tendons 
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Fio. 11 .—Method of Tendon Lenothbnino, Single Flap. 

can, as a rule, be easily brought together. IJiiito them with sutures of 
silk passed in various directions. Tf the tendons are held in place with con- 



Fia. 12 .—Tendon Lengthening, Double Flap. 


siderablo difficulty, the sutures are apt to pull out, by the splitting of the 
longitudinally running bundles. This can be obviated by encircling the 



Fio. 13.—Tendon Lbnotren- 
iNo; Hibbs-Spobon Method. 



Flo. 14 .—Tendon Lenoth- 
ENiNo: Hibbb-Sporon 
Method, 


ends with a piece of silk and passing the retention sutures in such direc¬ 
tions as to embrace the encircling ligatures. The method of placing the 
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sutures is shown in the above diagrams. The simpler methods of suture are 
the best. 

Sbcondaby Sutuee of Tendons. —Secondary suture is necessary in the 
eases in which, at the time of the original injury, the division of the tendons 
was unrecognized; and in which, by reason of infection or too great injury 

to the soft parts, it was deemed unwise 
to attempt a primary suture. 

The rules for secondary suture are 
the same as for primary suture, but in 
the latter many more difficulties must bo 
overcome. The tendons will be retracted 
and bound down in their new positions, 
the tendon sheaths will be found blocked 
with new connective tissue, and in the 
cases originally the site of suppuration 
it will be found necessary to resort more 
frequently to tendon lengthening and 
tendon transplantation. Great ingenu¬ 
ity will be called for in the utilization 
pi the material at hand, and considerable surgical dexterity will be required 
in dealing with tissues that do not readily lend themselves to plastic 
work. 

In secondary suture valuable use can ho made of free flaps of the sub- . 
cutaneous fat to wrap around the suture, and to line the new beds made for 
the reconstructed tendons. Other material, such as serous sacks, may be used 
if at hand. 

After-cabe Following Tendon Suture. —The surgeon, in these cases, is of two 
minds. To secure firm union and proper organization in his plastic work, he desires 
to keep the part at rest for 6 weeks. For the reestablishment of function, he desires 
to begin the passive movements early. If he begins passive motion too early, the newly 
united tendons will stretch and, owing to redundancy, the functional result will be 
poor. If he delays too long, ankylosis will take place and all benefit of the operation 
will be lost. A middle course will be found the safest. 

At the end of the third week, a few passive movements can safely be 
made. The wound in the soft parts will have healed, and massage of the part, 
with hot and cold bathing, can bo done every day, care being taken to put the 
part back in its immobilizing dressing after each treatment. Voluntary ef¬ 
forts should not bo attempted before the end of the sixth week. 

TBANSPLANTATION OF XENDOKB 

The principle that underlies these operations consists in utilizing part ot 
the power of a healthy muscle or group, and transferring it to a paralyzed 



Fio. 16.— Tendon Transplantation. I, Flap 
from live tendon to tendon of paralyzed 
muscle; II, grafting "dead” tendon to "live” 
tendon. 
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muscle or group; or in attaching a healthy\iu8clo to the hone or periosteum 
to correct a deformity resulting from injury or disease. 

It is impossible in the limits of this article to do more than indicate the 
uses to which this principle can be applied and leave the detailed description 
of individual cases to the writers of the chapters on orthopedic operations. 
It,must bo borne in mind that the successful outcome of these operations de¬ 
pends upon a nice balance of judgment, and that they should not be undertaken 
until the contractures and deformities have been corrected. There must be 
proof that actual paralysis of muscle exists. Often the loss of function is 
due to overstretching of the muscles while in a condition of temporary paralysis 
from a diseased, severed or bruised nerve. 

The Use of Foreign Substances in Tendon Transplantation.—The most suc¬ 
cessful operations in tendon transplantation are those in which use is made 
of autogenous grafts. Iletorogcuous grafts are now successfully employed, but 
always will hold a second place to those taken from the same individual. 

Use has been made of silk and linen threads of various sizes and strength, 
to piece out defects in tendons. Where these have been used about the foot, 
it has been found that the strain is too great and they have pulled out. In 
.the hand they have met with more success. The reason for this seems to be 
that there is not sufficient organization of connective tissue about the implants, 
and the strain has eventually to be borne by the foreign material. 

TENOTOMY 

Two methods are in use for performing tenotomy: the open operation 
and the subcutaneous operation. In the open operation the tendon is cut down 
upon and divided under the guidance of the eye. In the subcutaneous opera¬ 
tion the tendon is piit upon the stretch and divided with a tenotome passed 
through the skin to the side of the tendon. Division is usually made from 
within outward, or away from important structures. Each has its uses. The 
open operation is more used where fascial bands are to bo divided in the neigh¬ 
borhood of important structures, as in the neck. The subcutaneous method is 
more in use for tendons. Tenotomy is useful in lengthening tendons, especially 
in young children. When a subcutaneous tenotomy is dpne to the tendo 
Achillis in these young subjects, the divided ends are drawn apart by the 
correction of the deformity, and a considerable gap is left in the bed of the 
tendon. By the time the little patients are ready to use the foot, the gap 
will have been bridged and perfectly good function of the divided tendon will 
be present. This would seem to indicate that the elaborate operations for 
tendon lengthening, at least in the young, are unnecessary. 

The many conditions for which tenotomy is employed will be mentioned 
and tlje operations described in another part of this work, 
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tendon shortbnino 

It is sometimes found necessary to reef or shorten tendons. This should 
seldom be the case, as stretching takes place at the expense of'tho muscle and 
shortening the tendon will not help matters if its muscle belly remains func¬ 
tionless. In the cases where it seems indicated, resect and suture. 

THIOEENINO AND NODDLATION OF THE TENDONS 

As a result of trauma, small oxtraA'asations of blood will frequently take 
place in a tendon. This blood organizes and forms a nodule, or degenerates 



Fio. 16.— Snappimo Fimosbs. (Weir.) Needle in tendon: Payer’s case. Split tendon: Haegler’s case. 

and forms a cyst. Again, as a result of long-continued pressure (wearing a 
ring, Weir), thickening takes place in the sheath. At times the tendon is 
bruised and some of its fibers are split, becoming curled up and forming a 
nodule. Any of these conditions can give rise to the condition known as trigger 
finger. 

Treatment. —In the cases where the symptoms are due to a nodule, cyst 
or frayed portion of the tendon, incise the sheath, expose the tendon and remove 
the obstruction at the expense of the interior of the tendon. Diminish the 
diameter of the tendon after excision of the cyst, or removal of the nodule by 
very fine silk sutures buried in the interior of the tendon. Where the symp¬ 
toms are dpe to a narrowing of the sheath Weir advises its simple division. 
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aAKOLION 

A ganglion is a cystic formation developing in the tissues, usually in 
the neighborhood of the capsule of a joint, on a tendon sheath, or in the tendon 
itself. It is most frequently found on the extensor surface of the wrist, less 
often on the flexor aspect. Occasionally ganglia are seen on the dorsum of 
the foot, and still less frequently in the neighborhood of joints in other parts 
of the body. They are thin, connective tissue sacs, containing a clear trans¬ 
parent gelatinous fluid, attached to the joint capsule or tendon sheath by a 
broad or narrow base. Formerly they were thought to be extrusions, or 
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evaginations from the synovial membrane lining the joint, forced out by strains 
put upon the articulation, and later shut off from the joint by cicatricial con¬ 
traction of the scar tissue (Gosseliii). Later investigators have proved that 
these small cysts result from degenerative changes in the capsular tissue and 
in the tendinous and paratendinous tissue. 

As the result of some slight trauma to the capsular tissue or tendon, an 
extravasation of blood takes place in the tissues and, associated possibly with 
an obliterating endarteritis, degenerative changes arc initiated. Examination 
of the recently formed tumors shows trabecultc running in various directions, 
evidence that the degenerative process is not complete and has not converted 
the tumor into a single sac. Very recent ganglia may even be semi-solid. 

Treatment,—The indication for treatment of these small benign tumors 
arises from the sense of weakness, often experienced, and occasionally from 
neuralgia-like pains, seldom from interference with function. 

NON-OPERATIVE TREATMENT. —In the thin-wallcd cysts a cure can often 
be effected by rupturing the cyst with a heavy blow, the part having first been 
rendered tense. Compression should be employed after this method of treat¬ 
ment. Recurrences may take place, and the treatment will have to be repeated. 
I havfe on several occasions ruptured the cysts by powerful pressure with the 
fingers, the part having first been made tense. 
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OPEEATIVE TEEATMENT. —Upon failure in the above measures, an opera¬ 
tion conducted with the strictest aseptic precautions is advisable. As anything 
less than complete removal is apt to be followed by recurrence and consequent 
embarrassment to the operator, these operations should be conducted with 
great care, aided by artificial ischemia and the closest attention to surgical 
technic. The joint or the tendon sheath will often have to be opened, and 
infection occurring in a patient suifering from such a minor condition will he 
attended hy great hurt to the surgeon’s reputation and grave injury to the 
individual. 


BURS.£ AND TENDON SHEATHS 

• 

Synovial membranes of the body are divisible into 3 varieties or subdi¬ 
visions: articular, bursal and vaginal. These membranes arc derived from the 
connective-tissue layers and have in their interior a viscid fluid. This fluid 
is derived from the disintegration of other connective-tissue cells. The old 
theory of mucilaginous glands as the source of the synovial secretion has been 
abandoned. The bursal synovial membranes seem capable of development in 
any part of the body where the overlying skin is subject to pressure or friction 
on hard unyielding parts beneath. Thus wo find bursae interposed between 
the integument and bony surfaces. The bursal synovial membranes are again 
divided into the bursae mucosae and the bursae synoviac. The bursaj mucosae 
are large, irregular cavities lying in the subcutancotis or areolar tissue, and 
contain a clear viscid fluid. This is the form fo\md between the integument 
and the front of the patella, over the olecranon, the malleoli and other promi¬ 
nent parts of the body. The bursae synovia? (synovial sheaths) are found in¬ 
terposed between muscles or tendons as they project over bony surfaces or as 
they line the osseo-aponeurotic canals. These arc found investing the tendons 
of the hand and foot. The membrane is here ari’angcd in the form of sheaths, 
1 layer of which adheres to the wall of the canal, and the other is reflected upon 
the surface of the contained tendon. The space between the 2 free surfaces 
of the membrane contains the synovia. The layer lining the sheath is known 
as the parietal layer, that covering the tendon is called the visceral layer. 

The diseases of the articular synovial membranes are treated under their 
appropriate headings in other chapters of this book. 

The diseases of the bursal and synovial membranes are the same as these 
attacking membranes in all parts of the body. 


INPLAMMATIONS OP THE BUBS.® 

Acute Bursitis. —Acute bursitis is usually the result of a single injury and 
is more properly described as a hemorrhage into the bursal sac, as a result 
of the injury. 

TEEATMENT. —Treatment should be directed to the removal of the hemor- 
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rhage bj measures which will promote absorption. This is best accomplished 
by rest and compression of the part, together w’ith an ice pack for a few days, 
followed by the nse of hot and cold bathing and massage. Aspiration of the 
contents of a hemorrhagic bursitis is seldom indicated. 

Chronic Bursitis or Hygroma. —This results from the persistence of the 
aente hemorrhagic variety, or develops as the result of continued irritation of 
these membranes as seen in the so-called “occupation bursitis,” as the prepa¬ 
tellar bursitis or “housemaid’s knee” and the olecranon bursitis or “miner’s 
elbow.” 

TEEATMENT.. —When the condition is of recent origin and in sacs not un¬ 
duly thickened, resolution can often bo brought about by rest and compression 
of the part with or without aspiration of its contents and the injection of the 
sac with a tincture of iodin. The more chnjuic, cases with thickened walls 
will not yield to these measures, and exension of the bursa becomes necessary. 

Acute Suppurative Bursitis.—'I'his may arise in old chronic cases of bur¬ 
sitis or result from open, incised, or j)uncturcd wounds of the bursEC. Rarely 
does infectious bursitis occur through the medium of the blood stream. The 
simultaneous dcvclopinent of bursitis in various j)arta of the body would sug¬ 
gest rather a constitutional disea.se, such as tuberculosis or syphilis, as its 
etiology. Tho free coinmunieation w'hich exists between the bursal sacs and 
the lymphatic system renders infection of tho bursie quite common from sup¬ 
purative processes in their neighborhood. They may also become infected by 
direct extension along the subcutaneous layers from nearby suppurative foci. 

Tho situation of tho bursie beneath fascial planes renders their infection 
peculiarly dangerous, by reason of tho c.xtensivc cellulitis that may result from 
extension of the suppurative process Ixmeath thi!se confined spaces. Thus 
suppuration in the prej)atcllar bursa and in the olecranon bursa often gives 
rise to extensive cellulitis in the leg and arm. The pus, unable to make its 
way to the surface by reason of the resistance of the strong aponeurotic layers, 
invades wide areas of the extremities. As a result of the retention of inflam¬ 
matory products beneath the fascial planes, grave constitutional symptoms 
due to the septic absorption are common. 

TEEATMENT. —As in the treatment of chronic bursitis, excision of the sac 
is indicated whenever possible. Ihifortunately, owing to tho peribursal in¬ 
flammation, this cannot always be done. Here one must be eontent to incise 
the sac, giving vent to the pus, and taking care that by free division of the 
surrounding fascia exit is given to inflammatory products that may have made 
their way outside tho bursal sac into the surrounding subcutaneous tissues. 
Care should bo exercised that the materials used for drainage of the sac and 
fascial planes do not act as a plug. This can be obviated by transverse di¬ 
vision of the fascia so that it is made to gape, and by placing the rubber tissue 
drains or rubber tubes in the extremities or angles of the wound. The dressings 
should be moist, light and preferably in the form of evaporating lotions. They 
should be changed frequently. The practice of using rubber tissue or rubber 
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sheeting to keep the moisture in should not be tolerated, as this converts our 
wet dressings into poultices and favors the spread rather than the hindrance 
of the progress of the inflammation. 

Tuberculosis of the Bursae.—This is of slow and insidious development 
without the usual signs of inflammation. The diagnosis is often difficult, and 
only to be determined by operation or inferred from the presence of tubercu¬ 
losis elsewhere in the body. Like all forms of surgical tuberculosis, the great¬ 
est measure of safety lies in its complete removal. A less efficacious method of 
treatment consists in attempts at sterilization of the contents of the bursae by 
injection with iodoform and glycerin. Syphilis of the bursal sacs usually 
takes the form of gummata formation. These should bo removed by operation 
whenever possible, and appropriate constitutional treatment instituted. 

DISEASES OF SPECIAl. BUES.S 

Subacromial Bursitis.—Subacromial bursitis may be acute, chronic, or 
suppurative. This bursa, when it does not communicate with the subdeltoid 
bursa—^which, however, is often the case—is easily approached and excised by 
incisions through the skin at the top of the shoulder. 

The Subdeltoid Bursa.— ACUTE inflammation. —Acute inflammation of 
this bursa often develops as the result of a single injury, and very often 
leads to mistakes in diagnosis. It is often confounded with inflammation 
of the shoulder joint proper. Its situation deep beneath the deltoid, em¬ 
bracing the head of the humerus, gives rise to this confusion. Under the 
name of “peri-arthritis humeroscapularis,” Duplay describes this as a chronic 
adhesive inflammation. It is distinguished from pure articular conditions 
by the ability to move the arm in a sagittal plane and to rotate it in its long 
axis. Abduction of the arm is not possible without movemenb of the 
scapula. 

Tbeatment. —This consists in the avoidance of restraining dressings and 
the encouragement of the patient to use tlie arm as much as possible. Where 
the diagnosis has not been promptly made and great limitation of motion 
exists as a result of the extensive adhesions, these should be broken up under 
ether and active and passive motions continued daily, combined with hydro¬ 
therapy and massage. 

Tuberculosis. —Tuberculous disease of this bursa is recognized by the 
crepitus obtained by the rubbing of the riec bodies in its interior, by- its slow 
formation, and by absence of inflammatory signs. Tuberculous lesions else¬ 
where, aid one in forming a diagnosis. 

Treatment. —The best treatment consists in total extirpation of the sac. 
This is accomplished through a longitudinal incision placed over the most 
prominent point of the swelling, entering between the fibers of the deltoid. 
Care should be exercised not to wound the circumflex nerve in its course on 
the deep surface of the muscle. Inability for any reason to pursue this method 
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of treatment compels one to treat this condition by aspiration of the fluid 
contents and the injection of a sac with iodin or other antiseptics. 

The Olecranon Bursa.—The olecranon bursa is subject to the same diseases 
as the other bursae. It is rarely tuberculous, more often subject to chronic 
inflammation or hygromatous, at times the site of acute infectious bursitis. 
Owing to its situation beneath the strong aponeurosis hack of the ann, infec¬ 
tious processes in this bursa require special attention to the freeing of pus 
which may have made its way into the subfascial planes. The chronic and 
tuberculous forms are likewise best treated by excision. 

The bursa? in the neighborhood of the wrist and hand are small and un¬ 
important. The diseases of the tendon sheaths arc here more important and 
will bo deall^with later. * 

The Bursee About the Hip.—There aro numerous bursa? about tho hip. 
Those between tho insertions of the glutei muscles to tho trochanter aro seldom 
tho subject of surgical interference. The bursa overlying the tuberosity of 
the ischium is frequently tho subject of surgical interference. This bursa 
is best approached with the thigh in the flexed position; tho glutous maximus 
is then withdrawn from over the tuberosity. Tho large multilocular bursa 
between tho fascial expansion of the glutous maximus and tho trochanter 
major can be approached and excised by an incision parallel with tho fibers 
of this aponeurosis. The iliac bursa beneath the psoas iliacus lies in the mus¬ 
cular compartment beneath Poupart’s ligament, and can be incised and drained 
by an incision placed over the head of the femur to the outer side of the 
femoral ar’tcry. Care should bo exercised not to wound tho anterior crural 
nerve in dealing with this bursa. 

The Bursee About the Knee_ THE PREPATELLAR BURSA. — Tho prepatellar 

bursa is the most frequently involved of the bursae about tho knee. Operations for 
chronic and acute conditions of this sac arc best performed through a transverse in¬ 
cision placed over the most prominent part of the swelling. This transverse incision 
should be extended laterally into tho uniiivolved tissues at the side of tho bursa. The 
flaps are then more easily dissected in both directions. Tho approach to tho bursa from 
the side and posteriorly will enable one to do a clean excision with less danger of 
entering the cayity of the sac. 

THE POPLITEAL BURS^. —The popliteal bursa? moat frequently the site 
of disease are connected with the tendon of the scmiincmbraiious and the tendon 
of the popliteus, the one at tho inner side of the joint, tho other at the outer 
side of the joint. As these two bursa? frequently communicate with tho joint, 
total excision is impracticable. Injection of tho interior of the sac with vari¬ 
ous irritants is attended with danger, owing to tho liability of the injected 
material entering the interior of tho joint. Tho best treatment is partial ex¬ 
cision with careful suture of tho remnants of the sac, compression, and appli¬ 
cation of a splint to insure rest. 

The Bursae About the Ankle. *—The various small bursa? about the foot do 

* 
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not need a detailed description. The bursa situated between the tendo Achil- 
lis and the upper portion of the tuberosity of the os calcis, however, is im¬ 
portant. This is approached for its various diseases by incisions placed on 
either side of the tendo Achillis. If necessary for complete enucleation, this 
tendon may be divided and later sutured. 

THE TEia)ON SHEATHS 

Owing to their great importance and greater liability to infection, the tendon 
sheaths of the hand should be dealt with in fuller detail than those of the foot. One 
cannot approach the proper operative treatment of the tendon sheaths of the hand 
without a knowledge of their anatomy. 

Anatomical Points. —A bri(3f review of the special anatomy of the hand 
with reference to the tendon sheaths would seem indicated. The skeletal and 
vascular anatomy of this region is too well known to require repetition. The 

hand as a whole presents a convex 
surface dorsally, and a concave sur¬ 
face ventrally, and appears as a trun¬ 
cated cone—its base toward the fin¬ 
gers, its apex toward the wrist. The 
annular ligament bridges the concave 
aspect of the carpal bones, attached 
to the tuberosity of the scaphoid and 
ridge of the trapezium on its radial 
side, and to the pisiform bone and 
hook of the unsifonn on the ulnar 
side. A canal is thus formed which 
lodges the tendons of the long flexors, 
their synovial sheaths and the median 
nerve. The floor of the hand widens 
out as we proceed distally, corre¬ 
sponding to the ray-like arrangement 
of the metacarpal bones. Between 
these last lie the interosseous muscles, 
covered by an aponeurosis, thin 
above, stronger below, continuous 
with and helping to form the (deep)- 
transverse metacarpal ligament. The 
muscles of the thumb and little finger 
bound this region of the hand on cither side. From the central portion 
of the anterior annular ligament the palmar fascia extends to the base of 
the fingers. This is the central strong part of the palmar fascia. Its thin¬ 
ner lateral parts invest the muscles of the -thumb and little finger. The 
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middle region of the hand containing the tendons of the long flexors and 
their synovial sheaths is thus coinertod into an osseo-apouenrotic compart¬ 
ment. The central part of the palmar fascia divides into 4 slips, which 
go to the 4 inner fingers. It becomes perforated in this region hy the wide 
interlacement of its longitudinal and transverse bands. The majority of the 
longitudinal fibers become contimions with the fibrous sheath or theca of the 
tendons. The remaining bundles of longitudinal filxjrs intertwine, dip down, 
and'become attached to the deep transverse metacarpal ligament, serving to 
separate the flexor tendons from the digital nerve and artery and the Inmbrical 
muscle of each intcrdigital elett. We thus sec that the hand is divided into 3 
compartments, an outer and an inner, giving hidgment to the muscles of the 
thumb and ^ttle finger; and a central comparUnent lodging the tendons and 
their synovial investment as mentioned above. The subcutaneous tissue of 



the front of the hand, and especially of the palm, is scanty and dense. The 
subcutaneous tissue on the dorsum is, on the contrary, lax, and has but a 
slight association with the skin. At tlic intcrdigital 'clefts or webs of the 
fingers, the subcutaneous tissue is continuous with that about the fingers, and 
merges into the loose areolar tissue on the dorsum of the hand. It is continued 
into the space beneath the central portion of the palmar fascia, blending with • 
the areolty tissue found there. The transition in the character of the sub¬ 
cutaneous tissue found in the web of the fingers from that of the palm ex¬ 
plains why exudates make their way to the deep surface rather than to the 
superficial surface of the palmar fascia. 

The lymphatics of the palm are scanty and very small, whereas on the 
dorsum they are large and profusely distributed. This is the reason why 
infections on the dorsum of the hand and fingers are followed by lymphangi¬ 
tis, and abscess formation is more common on the palmar aspect of the hand. 

According to Rosthorn, during fetal life there is a synovial sac for each 
finger, extending from the ungual phalanx to the head of the metacarpal bone. 
At birth, or soon thereafter, a fusion usually takes place between the synovial 
sacs of the thumb and little finger with the 2 large bursse in the palm of the 


636 THE MUSCLES, TENDONS, BUESiE AND FASCIA 


hand: the little finger sac uniting with the ulnar bursa, and the thumb sac 
uniting with the radial bursa. The 2 palmar bursse extend into the forearm 
about a thumb’s breadth above the anterior carpal ligament. 

Ill the palm of the hand we have two largo biysal sacs. The ulnar sac 
envelops both the superfioial and deep flexors and extends upward above the 
wrist joint. This sac is prolonged downward along the inner tendons to the 
beginning of the digital sheath of the little finger with which it usually com¬ 
municates. . The tendons of the ring and little fingers are more extensively 
invested by this membrane than those of the index and middle fingers. The 
radial bursa is of loss extent and invests the tendon of the flexor longus pollicis. 
This sac invests the tendon on its anterior, radial and posterior surfaces, but is 



Fio. 22. —Large Ulnar Bvrra op the Palm Showing Invaginations op ihb Sac. (Poirier 

and Chorpy.) 


attached by a mesentery along its ulnar border. In a oortain number of cases 
a separate sac is found about the deep flexor tendons of the index finger. A 
sagittal septum or space is placed behind the median nerve, which serves to 
mark off the separation between the radial bursa and the ulnar bursa. If we 
open the ulnar bursa and note the position of the tendons in relation to the 
sac, wo will see that there are 3 invaginations: 1 anterior to the superficial 
flexors; 1 between the superficial and deep group; and 1 behind the deep 
flexor. This arrangement was first described by Leguey, who called them the 
pretendinous, intertendinous, and rctrotendinous spaces of the great carpal 
bursa. From the foregoing description it will be readily seen that infection 
of the synovial sheaths of the index, middle and ring fincers will be, for a 
time, confined to these spaces. Infection in the thumb and little finger sheaths 
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can readily extend, the one into the radial bursa, the other into the ulnar bursa, 
and thence into the forearm. 

The synovial sheaths of the extensor tendons at the back of the wrist lie 
beneath the posterior annular ligament, but superficially. The accompanying 



Fio. 23—Synovial Shkaths of Palm, In¬ 
jected. 



Fiu. 24 .—Synovial Sueatub of the 
Extensor Tendons, Injected. 


diagram shows well their arrangement and position. A further description is 
unnecessary. 


Suppurative Diseases of the Hand in General.— A description of the infectious 
processes of the tendon sheaths cannot be undertaken without mention being made of 
the other sites where pus is found in the suppurative diseases of the hand. Thus, we 
must recognize the exact level at which the pus is situated, or else our operative efforts 
for the relief of these conditions will do much harm. 

We recognize the following levels for the situation of the pus: 

1. Subepidermic infections. 

2. Subcutaneous infections. 

3. (a) Subfascial infections, (b) infections in the tendon sheaths. 

4. Subperiosteal or rather osseopcriostcal infections. 

If one observes closely the symptoms referable to pus in these various 
levels, a distinct clinical picture will bo obtained. Unless this is done, one 
may, by careless approach to the pus, transfer infectious material from 
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a Buperficial to a deeper level, or, not finding the pus at a super¬ 
ficial level, desist and fail to give the relief necessary. Extension of the 
inflammatory products from one level to another very soon takes place, and 
unless these conditions are recognized in their very beginning permanent 
damage will be done to structures which otherwise might have been saved by 
prompt recognition of the condition. Tendons bathed by pus for 48 hours 
will die. Two stages of the inflammation must be recognized; A stage of 
invasion and a stage of frank formation of pus. To save tendons involved 
in suppurative inflammations, relief must be instituted during the period of 
invasion or inflammation. If it is undertaken later, the tendons will have 
died and the pus will have extended into the palm of the hand or into the 



Fio. 25.—Diaqrammatio Rephesentation of the Situation of the Pub, b, b, c, d, and e. (Simon 

Duplay.) 


forearm. Operation, then, will he concerned in combating a general sepsis 
rather than the saving of anatomical structures. The inflammatory products 
make their way from one part of the fingers or hand to another by direct ex¬ 
tension, by lymphatic channels and by the blood stream. By direct extension 
the pus in the subcutaneous level makes its way from the finger into the inter¬ 
digital cleft, thence it can extend readily onto the dorsum of the liand or into 
the palm beneath the palmar fascia. The readiness with which inflammatory 
products travel along a given level renders the Kanavel explanation of 
the way pus makes its way onto the back of the hand or into the palm un¬ 
necessary. Kanavel believes that the lumbrical muscles or their fascial 
investments offer the chaxmels along which pus extends from the fingers 
into the palm or vice versa. The well known resistance of muscle 
tissue to inflammatory processes seems to render this explanation 
erroneous. 
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Diseases op the Tendon Sheaths 

The diseases of the tendon slieaths are due to injury, over^uso, rheumatism, 
gout, gonorrhea, syphilis, tuberculosis, and infection with pyogenic organisms. 

Eheumatism, gout, gonorrhea, and syphilis of the tendon sheaths seldom call 
for surgical interference, their treatment being embracAid in the treatment 
directed to the cure of the underlying condition. 

Injury of a tendon sheath, where the tendon itself is not severely damaged, 
appears in the form of a hemorrhage occurring in its interior. The treat¬ 
ment is, the same as for other small hemorrhages occurring in various tissues 
and cavities of the body. 

Acute Tenosynovitis.—In the hand this form' of inflammation oeeurs most 
often in the extensor tendons of the thumb. In the foot it occurs less often, 
usually in the sheaths of the peronei. It arises as a result of excessive use 
of the part, commonly in one unused to that particular form of exercise. The 
initial stage of the inflammation, evidenced by pain and the characteristic‘ 
creaking (that has given the nalne of “tenosynovitis crepitans” to this par¬ 
ticular stage of the disease), is, as a rule, soon followed by a pouring out of 
a serous effusion. With the occurrence of the serous exudate, there are dis¬ 
appearance of the pain and cessation of the crepitus. 

TREATMENT. —It has been found that recovery is hastened by allowing 
a certain amount of use of the part, combined with support and compression 
in the form of a snug dressing, such as adhesive plaster. Discontinuance of 
the particular form of exercise that gave rise to the condition is, of course, 
essential. 

Chronic Tenosynovitis.—Chronic tenosynovitis occurs when the exudate in 
the acute form persists, and in sprains of, and fractures about, joints treated 
by too prolonged rest. Here adhesions form between the layers of the sheath, 
and much disability results, until the adhesions are broken down and kept 
from reforming by exorcise, ma.s.sage, baking and hot and cold bathing. 

PLASTIC TYPE OF CHRONIC TENOSYNOVITIS. —This type is sometimes 
met with, and is apt to give rise to much uncertainty in diagnosis. It oeeurs in 
those who persist in the exercise that gives rise to the acute variety. From the 
continued irritation, recovery is not allowed to take place in the inflamed 
sheaths, and the exudate, becoming thickened, forms a jelly-like mass that 
resembles very closely a type seen in the tuberculous form of disease. 

This was the case in an organist in one of our cathedrals, who was operated ux>oii 
by me. The patient, a thin, wiry man, had the extensor tendons of the wrist involved. 
Operation disclosed a ielly-like exudate filling the sheaths of the extensors of the wrist 
and the common extensors of the fingers. This was excised together with the sheaths, 
and in the belief that the case was one of tuberculosis, the wound was dusted with 
iodoform powder and closed without drainage. The patient made a perfect recovery 
and was soon at his old occupation. Examination of the tissue by Dr. Hodenpyl failed 
to reveal any evidence of tuberculosis. About a year later the patient returned and 
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presented a similar condition on the back of the other hand. Operation disclosed an 
exudate of the same character. The same method of treatment^ was employed and 
again was followed by complete recovery. A few years later the patient returned, this 
time with a swelling in the palm of the right hand. This was found at operation to be 
of the same character. The sheath involved was about the tendon of the deep flexor 
of the index finger, and did, not communicate with either the radial or large ulnar 
bursa. For a third time the patient made a perfect recovery, and has since remained 
well. At no time did he show any evidence of tuberculosis, and the case must be 
classed as one of chronic plastic tenosynovitis. 


Syphilitic Tenosynovitis. —Syphilitic tenosynovitis occurs in the early 
stages of syphilis in the form of a serous exudate, in the later stages it takes 
the form of a gummata-like infiltration of the sheaths. Pain is not a promi¬ 
nent symptom, and recovery can usually be brought about by appropriate 
treatment directed toward the underlying condition. 

Gonorrheal Tenosynovitis.— Gonorrheal tenosynovitis is most often of the 
serous variety, but is characterized by greater pain and more pronounced 
swelling in the tendon sheaths. The differential diagnosis is made on finding 
the gonococci in the urethral or cervical discharge. 

TREATMENT. —Treatment in the vast majority of cases consists in the 
application of a splint, the use of an ice hag over the inflamed tendons, and 
the cure of the primary condition. Rarely will it bo found necessary to 
puncture the sheaths and draw out the fluid if a proper fitting splint is em¬ 
ployed to give absolute rest to the part. The autogenous vaccines have of 
late been extensively employed in this typo of inflammation. Their method 
of administration will be found described in another part of this work. 

Tuberculous Tenosynovitis. —Tuberculous tenosynovitis occurs as a result 
of the presence and growth of the tubercle bacilli in the tendon sheaths. The 
character of tho inflammatory products presents a great variety. In the 
earliest form the exudate is generally serous. In the later stages the exudate 
becomes thicker and more fibrinous, often with the formation of rice bodies. 
The sheaths become thickened, and tuberculous granulation tissue forms in 
their interior, forming cheesy masses which are very liable to break down and 
form cold abscesses. The commonest site for this form of synovitis is in the 
great carpal bursae of the hand. 

TREATMENT. —From the point of view of surgical treatment tuberculosis 
of the tendon sheaths divides itself into 2 classes: one where the exudate 
remains fluid, or contains, at the most, rice bodies, the other where the sheath 
contains a plastic or cheesy exudate, or shows the various stages of tuberculous 
degeneration. 

Cases of the first group may be treated by evacuation of the fluid exudate 
and the rice bodies, if they are present, and the filling of the sheath with a 
5 per cent, emulsion of iodoform and glycerin. This may have to be repeated. 
The parts should be kept at rest by means of a splint for a period of 3 to 4 
weeks. 
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The other forms of tuberculosis of the tendon sheaths should bo treated 
by excision. This should be done through ample incisions, and with the help 
of artificial ischemia. Superficial portions of the tendons will have to be re¬ 
moved as well as the sheaths in sonic of the cases. The after-care, as in all 
forms of surgical tuberculosis, is most important, and should combine proper 
feeding together with an out-door life. 

Acute Suppurative Inflammation of the Tendon Sheaths.—In the descrip¬ 
tion of the anatomy of the tendon sheaths it was pointed out how important it 
was, for a clear understanding of these conditions, to have a classification based 
on the anatoipical site of the original inoculation. The rapidity with which 
inflammatory products can make their way from one level to another, and 
extend to other parts of the same level, makes it necessary to seek for symp¬ 
toms of inflammation of each particular level. When the disease has pro¬ 
gressed, and one form has merged into another, unless one has followed the 
pathological picture closely, endless confusion in the conception of these diseases 
will bo the result. 

Infection may reach the tendon sheaths by extension from some neigh¬ 
boring focus in the skin or subcutaneous tissues, or may extend to the sheath 
from an underlying disease of bone or joint. It will thus be seen how impos¬ 
sible it is to discuss suppurative conditions in the tendon sheaths without 
taking count of other iiiflairimatory conditions in the various parts of tho hand. 

The most usual way, however, for pyogenic bacteria to gain entrance, is 
through punctured wounds caused by some small, sharp object, siich as a 
pin, needle or fish-hook. 

Two stages of the inflammation must be considered, and the treatment 
employed differs according to the particiilar stage of inflammation. Tho first 
stage is characterized by a serous exudate with few pus cells. If treatment 
is initiated during this period, it is often possible to terminate the inflammatory 
process; if, however, relief is not started within 48 hours, the inflammation 
will have passed to the stage of frank suppuration. The treatment during 
the first stage is directed to tho termination of the infection, and if successful, 
recovery and return to normal follow. 

In treating the second stage, one must recognize the impossibility of saving sheaths 
and tendons bathed in pus. Here one is concerned in confining the inflammatory 
process to its original site, or in opening regions to which the disease has spread. If 
left untreated, the purulent exudate ruptures its synovial envelope and spreads to the 
subcutaneous regions of the hand and fingers, thence makes its way through the skin, 
and fistulous traets are formed which give exit to the pus, with relief from pain and 
subsidence of the swelling. Eventually the necrotic tendons which have died during 
the course of the inflammation arc cast off in shreds, or, remaining in the wound, keep 
up endless suppuration in the fistulous tracts. 


The articulations may be invaded, and periostitis and ostitis of the 
phalanges take place, prolonging the period of the disease. The finger freed by 
the loss of the tendons yields to the action of tho extensors and assumes a 

42 
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position of permanent extension. If healing takes place, the finger remains 
ankylosed, rigid and useless. When the articulations are involved and ostitis 
of the bones supervenes, great pain is experienced from lack of support to 
the joints, and amputation becomes necessary. 

When the disease originates in, or has extended to, the palm, one must 
distinguish whether the suppuration lies in the bursal sacs in this region or is 
situated in the loose areolar tissue beneath the palmar fascia. When, in the 
great carpal bursa, the inflammation will have extended above the wrist joint. 
When, in the loose areolar tissue beneath the palmar fascia, the swelling will 
be more centrally placed. Determination of the original site of infection and 
a recognition of the progress of the inflammation will help one in determining 
the region involved. ■ 

COMPLICATIONS. —Gangrene, diffuse cellulitis, erysipelas and secondary 
foci in the forearm are among the chief complications. 

In diabetics, gangrene of the tissues readily takes place. 

Erysipelas adds its special symptoms and burdens to those already suf¬ 
fering from a severe disease. 

Cellulitis of the forearm in the deep cellular planes, from extension of the 
disease in the hand, adds its dangers and often even jeopardizes the life of 
the patient from profound sepsis. 

Lymphangitis occurs more commonly from subcutaneous foci on the dor¬ 
sum of the fingers, their interdigital clefts, and the back of the hand. Ex¬ 
tension through the deep lymphatics, following the line of the blood vessels 
into the forearm, may accoiint for some .of the abscesses found there. 

INCISIONS. —Incisions for the relief of the above conditions should be 
placed as follows: 

Small abscesses or furuncles on the dorsum of the hand or the dorsum or sides 
of the fingers should be incised over the most prominent part of the swelling. These 
arise usually from small wounds, abrasions, or infection of the hair follicles. The 
pus may be found just beneath the epidermis, or, following the tract of a hair follicle 
or sudoriferous gland, it may have reached the subcutaneous layer. When the epi¬ 
dermis is removed, a communication may be discovered between a superficial and 
deep abscess, constituting the variety known as the dumb-bell, or, as the French call it, 
“panaris en bouton de chemise.” 

Abscesses on the palmar aspect of the fingers and in the interdigital clefts 
are usually of the subcutaneous variety, arising from cracks, small wounds 
and punctures. If left untreated, they can rapidly extend into the areolar 
tissue beneath the central portion of the palmar fascia, gain entrance to the 
tendon sheaths, or extend to the back of the hand. These are best opened by 
incisions placed over the most prominent part of the swelling. Care should 
be taken not to transfer the pus in this variety to the tendon sheaths by care¬ 
lessly placed or carelessly made incisions. The webs of the fingers should 
be preserved whenever possible, 2 incisions, 1 on the palmar aspect and 1 on 
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the dorsal aspect of the web, being preferable to an incision that divides the 
web. Ibe palmar incisions may be extended well into the band, care being 
taken, in making them, to avoid the superficial palmar arch. 

These palmar incisions give free access to the central space beneath the pal¬ 
mar fascia. Transverse division of this fascia may be necessary to insure free 
drainage. 

Longitudinal division of the palmar fascia is usually not sufficient, unless 
drainage tubes, which are objectionable, are used. 

Infection in the tendon sheaths of the finRors during the early stage of invasion . 
is hest relieved by incisions entering tlu* sheath on either side, oi)i)osit(' the 2 proximal 
phalanges. These tentative irieisions, combined with a thorough Hushing of the sheath 
and the use of rubber tissue drains, will often teriniliatc the infection in this stage. 
Complete restoration of function may be hoped for. 


In dealing with infections of the sheaths iji the second stage of inflamma¬ 
tion, one cannot hope to save the tendons in their entirety, and the sheath must 
be opened from end to end. This, however, can be done through incisions 
which do not divide the folds of tho skin opposite the articulations. 

When the pus has invaded the great ulnar bursie it can be evacuated and 
the interior of tho sac thoroughly exposed through an incision that occupies 
.the lower 2/3 of a line extending from the styloid process of tho radius to 
a point over the head of the fifth metacarpal bone. 

This line will be found to approximate closely the radial border of tho hypothenar 
eminence. The bony landmark must be remembered, boctause, when the hand is 
swollen, the line of the second guide will be obliterated. In infections of the radial 
bursas, an incision placed directly over the tendon ojjpositc the lower 2/3 of tho 
metacarpal bone of the thumb will give access to this sheath with but slight injury 
to the short muscles of the thumb. 

Counter openings should be made on the proximal side of the annular 
ligament to drain portions of both these burs® which extend into the foreann. 

THE ANESTHETIC. —A general anc.sthctic should be given when performing 
these operations, as complete control of the operative field is very essential. 


THE FASCIffi 

The fascia is of great interest to the surgeon. Ilis intimate knowledge 
of this structure will greatly facilitate his operative procedures (especially 
in dealing with the fluid products of inflammatory conditions) and greatly aid 
his understanding of the course that exudates and collections of blood take 
when occurring in various regions of the body. Thus the fascia of Colles 
offers the sole explanation of the course of the extravasation in rupture of 
tho urethra. The position and the direction taken by the exudate in cold 
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abscesses occurring in the cervical and lumbar portions of the spine are only 
to be appreciated by a knowledge of the fascia of those regions. 

While the fascia determines the direction and progress of fluids along quite 
definite anatomical lines, instances are not uncommon where an abscess or 
growth seems to ignore those membranes, and to pursue a course of its own. 
This can, however, usually be explained by the abscess or growth having 
destroyed the limiting membrane, and gained access to different levels. The 
destructive character of cervical abscesses depends, without doubt, upon the ' 
unyielding nature of the fascia. The invasion of the thoracic cavity by in¬ 
flammatory products in the neck and the extension of exudates and secretions 
following operations on the larynx, trachea, and esophagus are too well known 
to require mention. 

The controlling and limiting effects of the fascia in various parts of the 
body will be discussed by the writers dealing with the diseases and operations 
of those regions. It remains for me to describe the general diseases of the 
fascia, which arc not numerous. The involvement of the fascia associated with 
the various forms of wry neck is more properly dealt with by the writers 
on that region. 

Injuries to and Rupture of the Fascia.—Injuries to and rupture of the 
fascia have been discussed in connection with the diseases of muscles. 

Dupuytren’s Contracture.—The disease of the fascia which the general sur-, 
geon is called upon to treat more often than his orthopedic brother is that 
known as “Dupuytren’s contracture.” This condition of the palmar fascia 
was first accurately and anatomically described by Dupuytren. A wide dif¬ 
ference of opinion still exists as regards its etiology. The unfortunate fre¬ 
quency with which the disease returns after operation would make a complete 
understanding of its causation desirable. Lacking this complete elucidation 
of the subject, the surgeon' must continue to base his treatment upon the 
pathology of the disease and the facts at present accepted as contributing to 
its causation. Langham believes the new formation of connective tissue to 
bo of an inflammatory nature, as he describes nuclear proliferation in the cells 
in the coats of the arteries, as well as in the connective tissue between individual 
fibrous strands. This nuclear proliferation is best seen in the fibers which 
attach the fascia to the skin. 

The growth of the connective tissue is not evenly distributed, as nodular 
formation takes place in the contracting bands. ^ 

Gout and rheumatism are commonly mentioned as contributing factors. 
Trauma, however, seems to play the greater part in the causation of the disease. 
Some authors believe that the loss of the subcutaneous fat, thus exposing the 
fascia to greater trauma, is a predisposing cause. . 

More recently Ledderhose, from clinical and microscopic 
vanced the theory that the beginning of the disease is infiammater^ 
acter from the proliferation of cells seen in the eqats of the veas^^ahf 
between the fibrous hands. He beUevea that tifauina^ ,ac^ni^;|^ the inSaip^ 
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fascia, produces a reaction followed by nodular formation and subsequent 
contraction of the new tissue. Until proof of a very convincing character is 
produced, trauma, in the minds of most surgeons, will stand as the gi’eatest 
causative factor. 

The occurrence of the disease on the ulnar side of the palm, the side which 
bears the majority of blows and which is used in many occupations to deliver 
blows, as in the carpenter’s nso of the chisel, must convince one that trauma 
plays a most important part. 

Fibromata occur in various parts of the body as the result of injury to the 
connective tissue. Ganglion is now believed to result from the transformation 
of small hemorrhages occurring in the fibrous tissue about joints and sheaths 
of tendons. Both the above arise as the result erf injury to the fibrous tissue, 
and it is reasonable to suppose that the change in the fascia of the palm takes 
place in the same manner. 

The measures for the relief of this condition are divided into palliative 
and radical operations. In the palliative operations the contracted tissue 
is divided subcutaneously, or a single or several incisions are made across 
the long axis of the bands without attempting to remove any of the 
tissue. 

In the radical or open operations, as they are called, the removal of the 
restraining tissue, in part or in whole, is attempted. 

Transplanting or shifting of skin flaps forms a part of some of these 
operations. The disease after a shorter or longer time involves the skin, thin¬ 
ning it out and making it very difficult to reflect it as a flap from the under¬ 
lying fibrous tissue. 

PALLIATIVE OPERATIONS.—DuruYTKKN’s OrEKATioN. —Extend the fin¬ 
gers and divide the bands by means of transverse incisions placed opposite 
the metacarpophalangeal joints. The incisions are carried through the skin 
and fascia, naturally not through the flexor tendons. The fingers are fixed 
in the extended position by means of a splint. 

Adam’s OrEKAxiox. —At places where the skin is not adherent to the sub¬ 
jacent band, a fine tenotome is introduced and the band divided. This is 
done at several points. Fix the fingers by means of a splint in the extended 
position. 

Multiple Transverse Division. —This is the same as Dupuytren’s opera¬ 
tion. After the division of the contracture, the fingers are extended. The 
skin will be found to gape at the site of the incisions. These gaps are covered 
by a Thiersch graft and treated accordingly. 

After healing has taken place in the above operations, make use of mas¬ 
sage, and retain the splint until there is no tendency in the fingers to resume 
their former position. 

RADICAL OB OPEN OPERATIONS (KOCHEB, HAEDIE, ETC.). — LONGITUDI¬ 
NAL Inowion. —Through a longitudinal incision, after reflecting the skin to 
bither side, excise as much 9 f the contracted palmar fascia as can be reached. 
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(Hardie divides the fascia transversely, excising portions at times.) Tho 
after-treatmpnt is the same as for the palliative operations. 


The V-shaped incision, with base toward the finger involved, sometimes sives a 
wider exposure to the disease in the hand. After excision of the sear tissue and ex¬ 
tension of the finger, the wound will gape widely and the subsequent suture 

wound will be Y-shaped. 


Lotheissen’s Operation.— This procedure exposes and removes the a 
cia through an L-shaped incision placed along tho ulnar border of the han 
and acros! to the base of the thumb. After excision of the contracture and 
straightening of the hand, the wound will be found to gape where the mcision 
crosses the wrist. This incision gives access to a region in the hand 
narily uninvolved by the disease, and a poor exposure of the region actually 

'''''LExtu’s Metiiou.— Lexer recommends, even in the less advanced cases, 
excisions of tho entire aponeurosis and sacrifice of a wide area of s in. 
wound is closed by a whole-skin flap, the hand being placed beneath a flap 

raised from the abdomen. 


The frequency with which our operative effort for the relief of this condi¬ 
tion meets with failure, renders comment on these more ambitious operations 


unnecessary. 



CHAPTER XV 

GUNSHOT WOUNDS AND THEIR TREATMENT 
Alexander Bryan Johnson 

GENERAL CONSIDERATIONS 

Before discussing gunshot woxinds and their treatment a few preliminary 
remarks may not be out of place. In order to treat these wounds intelligently 
special knowledge is necessary. They differ in many ways from other in¬ 
juries. They are produced by projectiles fired by means of an explosive from 
rifles, pistols, shotguns, and froni cannon. Another group of wounds which 
must be considered with gunshot wounds includes those made by the explosion 
of bombs, shells, hand grenades, and similar devices. 

In character gunshot wounds resemble both punctured, contused and 
lacerated wounds. Sometimes those wounds are almost identical with punc¬ 
tures ; in other cases the wounds resemble contusions, lacerations, and crushes. 
In severity they may bo of any grade from a slight contusion to the loss of aa 
entire limb, decapitation, etc. When made by bullets the wounds of entrance 
■and of exit may resemble mere punctures, and often furnish no direct evidence 
of the extent and gravity of the destruction wrought in the deeper tissues. 
Often such destruction is extensive, and though it cannot be seen from without 
it may be inferred from the known peculiarities of bullet wounds, such as 
loss of function, shock, and other local and general signs and symptoms. 
These peculiarities of bullet wounds are many and varied. No practical 
rules for treatment can be given without taking them into account; hence 
it will be necessary later to discuss at some length the effects of different 
kinds of projectiles upon the different tissues and organs of the human 
body. 

Practically, an important distinction may be made between wounds re¬ 
ceived in warfare, whether afloat or ashore, and wounds received in civil life 
in times of peace. Not only are the weapons, the projectiles, and the wounds 
themselves, as a rule, quite different, but'also the circumstances under which 
they are received and the facilities for their treatment. 

647 
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WOUNDS EECBIVED IN OTVII. LIFE 

The gunshot wounds coming under our care at the New York and Hudson 
Street Hospitals are numerous. They are with few exceptions pistol shot 
wounds, fired at close range from pistols loaded with relatively small charges 
of black powder. The most common calibers are .22, .32, .38, and in a few 
cases of wounded Chinamen, caliber .45. The b\illcts are usually of soft lead. 
Such bullets, more especially of the smaller calibers, frequently lodge. They 
are easily turned by bone, by tendons, even by fascial edges, and thus an 
irregular track made by the bullet is common, as, for example, contour shots 
following the outer surfaces of the ribs sometimes half-way around the body. 
An explosive action is scarcely observed, except in the case of revolver shots of 
45 caliber. These bullets are driven usually by the equivalent of about 40 
grains or more of black powder, and the wounds resemble rather rifle bullet 
wounds of tbo old-fashioned typo. With the small calibers the shafts of the 
long bones are rather rarely broken, and if fractures arc produced comminu¬ 
tion is not very extensive. Even on structures so soft as the brain the dis¬ 
integrating effect of the bullet is often limited to a narrow tract in the cere¬ 
brum. Bullets of .22 caliber sometimes fail to penetrate, and are flattened 
against the thicker portions of the skull. 

On the solid organs of the abdomen, the liver, spleen, and kidney, an ex¬ 
plosive effect is absent or only slightly marked. These organs are usually 
drilled, sometimes with radiating fissures, but they arc not burst and disin¬ 
tegrated in the manner observed after wounds made by modern military rifle 
bullets. The urinary bladder, if wounded, iisually shows a ragged perforation, 
not much larger than the caliber of the bullet. 

Wounds of the lung, unless the large vessels near the root are injured, are 
• usually recovered from quickly. In a few cases empyema follows; in others a 
pneumothorax may persist for months. 

In wounds of the alimentary canal the perforations, unless tangential, cor¬ 
respond pretty closely to the size of the missile. The perforations may be sur¬ 
rounded by a rather narrow rim of devitalized tissue. Escape of intestinal 
or stomach contents is the rule, followed by acute puruleut peritonitis, or, if a 
part of the colon is wounded, uncovered by peritoneum, a fecal abscess is 
formed. 

Wounds of the main blood vessels of the abdomen are, as a rule, rapidly 
fatal from hemorrhage. The main blood vessels of the extremities are only 
rarely injured, though an occasional traumatic aneurysm or arterial hematoma 
is observed. 

Arteriovenous aneurysm is observed as a rarity in the extremities, and 
has followed in one or more cases bullet wounds of the base of the skull, with 
pulsating exophthalmos. In a number of instances small bullets have 
remained indefinitely quiescent in the brain until the patients were lost 
sight of. 
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Wounds of tlio nerve trunks of the extremities may bo complete or partial 
divisions and may be followed by neuritis. 

Shock is most marked after complicated abdominal wounds, and in these 
cases the symptoms of both shock and hemorrhage are often combined. In 
uncomplicated wounds and wounds of the extremities shock is usually absent 
or not marked. 

During the past few years many of the homicides and suicides in this city 
were done with automatic pistols. Tlic bullets are usually steel-jacketed, and 
the wounds produced are often more serious than those made by the old-fash¬ 
ioned revolver. The bullets are usually not large, but they have an unusual 
velocity, much greater than is the case with ordinary revolvers. The wounds, 
indeed, resemble those made by the small caliber.rillc at greater ranges. 

Some years ago I conducted a few experiments with automatic pistols, 
more to determine the effects of smokeless powder upon the skin than for any 
other reason, but incidentally I obscrve<l the effects of these bullets when fired 
at close range into the head and into the extremities. I quote from an article 
which I wrote at that time: 

Wounds produced by Automatic Pistols: The Mauser pistol, c.alibcr 7.C3 milli¬ 
meters; the Luger pistol, caliber 7.0.5 millimeters; the Colt automatic pistols, caliber 
.32 and .38. In 1897 Bruns conducted experiments with the Mauser pistol, and con¬ 
cluded that the effects of its bullet were identical with that of the military rifle at 
proportionately longer ranges. The following relations were found to exist: At 20 
to 200 meters the effect of the Mauser pistol was the same as the effect of the military 
rifle at 1,000 to 2,000 meters respectively. In this connection, I insert the results of 
certain experiments made by me with automatic pistols in order to determine the 
effects of smokeless powder at short ranges upon the skin, ainl iiicidiaitally to observe 
the effects of the bullets upon the tissues, in comparison with the old-fashioned black- 
powder revolver firing a soft-lead bullet and a small charge of black powder. 

A description of some of the shots in detail follows: 

Shot I. Colt’s automatic pistol, caliber .32; 4 grains of Walsrode, powder; bullet 
weight, seventy-six grains, full cupronickel jacket; distance of muzzle of pistol from 
the skin, two inches. The shot was fired at the side of the head in front of the ear, 
skin covered with short hair. The hair was not singed. The skin was not burned. 
A few grains of a dark gray residue were found upon the hair, and upon the skin 
over an area one inch in diameter, surrounding the bullet wound. These grains were 
readily wiped off with a dry cloth, leaving no visible mark behind. The wound of 
entrance was a small circular orifice onc-sixteenth of an inch in diameter. There was 
no fraying or discoloration of the edges. The wound at the point of entranec in the 
skull was found to be a round hole through the bone about the diameter of the bullet. 
The wound of exit from the scalp upon the opposite side- of the head, back of the ear, 
was a mere slit in the skin one-fourth of an inch in length. The wound of exit from 
the skull was a round hole about the diameter of the bullet. No explosive effect was 
observed. The bullet struck, but failed to penetrate a barrel of sand used as a backing, 
and was picked up slightly flattened at the point. 

Shot II. Colt’s automatic pistol, caliber .38 of an inch; cupronickel jacket, in¬ 
complete in front (what is known as a soft-nosed bullet); charge, 7 grains of Wals- 



650 


GUNSHOT WOUNDS AND THEIR TREATMENT 


rode powder; weight of bullet, 130 grains. The shot was fired into the temporal 
region at a distance of two inches. Wound of entrance was a round' orifice in the skin 
one-eighth of an inch in diameter. Edges of orifice were slightly frayed. There were 
a few faint grayish stains upon the skin surrounding the wound. These specks 
appeared to be embedded in the skin and could not be removed with a wetjcloth. 
The hole of entrance through the skull was round and about the diameter of the 
bullet. The wound of exit in the skin upon the opposite side of the head was an 
irregular tear about one inch in length, with radiating slits along its border. Brain 
substance escaped freely from this orifice, as well as from the external auditory canal 
on the same side of the head. Palpation of the skull showed a comminuted fracture 
surrounding the wound of exit. The comminution of the skull extended over an area 
three inches in diameter in the temporal and parietal regions. There was also 
evidently present a fracture of the base of the skull. After leaving the head the 
bullet buried itself in a barrel of sand. The explosive effect of this shot was well 
marked. 

Shot III. For purposes of comparison, a shot was fired from a Hopkins and Allen 
revolver, caliber .32, ten grains black powder. Smith and Wesson ammunition, soft- 
lead bullet. The shot was fired into the temporal region with the muzzle of the pistol 
three inches from the scalp. The hair was singed. The scalp was burned and tat¬ 
tooed with powder grains, so that the skin was blackened over an area one and one- 
half inches in diameter. The wound of entrance in the skin was one-eighth of an 
inch in diameter, the edges were slightly contused and stained with lead. The hole 
in the skull was about the diameter of the bullet. The bullet lodged. 

Shot IV. Luger automatic pistol; steel-jacketed bullet; jacket incomplete over 
a small eircular area at the point of bullet where the lead interior is exposed; dis¬ 
tance, three inches. Shot was fired into the check over malar bone backward, down¬ 
ward and inward. No powder marks were upon the skin. Orifice of entrance was 
three-sixteenths of an inch in diameter, and circular. Edges were slightly contused 
and white in color. No tearing of tissues nor explosive effect was observed. Bullet 
was extracted later undeforraed. 

Shot V. Mauser automatic pistol; caliber 7.63 mm.; steel-jacketed bullet; dis¬ 
tance of muzzle of pistol from skin three and one-half inches. Shot was fired at outer 
aspect of upper third of right thigh. Powder stain was one inch in diameter, a gray¬ 
ish smudge without deposition of distinct grains. Wound of entrance was circular. 
Edges were slightly frayed and contused, white in color. Wound of exit on inner 
surface of limb was oval, three-sixteenths of an inch in diameter, slightly ragged. 
There was a wound of entrance on inner aspect of left thigh; wound of exit on 
opposite side the same. The bullet then passed through the distal phalanx of left 
thumb and entered a barrel of sand, penetrating a distance of one foot. Although the 
bullet passed through the center of both limbs, neither femur was fractured, nor was 
the bullet deformed. 

Shot VI. Mauser pistol; fired into upper third of right thigh at a distance of one 
foot; full-jacketed bullet A few dark-colored specks or grains were present dn the 
skin around the wound over an area three inches in diameter. These were readily 
wiped off with a dry cloth. The bullet caused a fracture of the right femur, and 
passed across the body above the perineum, passed through the pelvic bone and was 
found just beneath the skin above the left great trochanter. The bullet was slightly 
deformed. 

Shot VII. Hopkins and Allen revolver, black powder, .32 caliber. Smith and 
Wesson ammunition. Shot was fired at outer aspect of right thigh; distance, one 
foot. Skin was tattooed with powder marks too numerous to count over an area three 
and one-half inches in diameter. Wound of entrance was circular, three-sixteenths of 
an inch in diameter; edges stained with lead. Bullet lodged. 
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As a matter of experience, however, most of the pistol-shot woimds we see 
in the hospitals are produced by old-fashioned revolvers with soft-lead bullets. 
The patients are generally received soon after tho receipt of the injury. They 
walk into the hospital, or the more severely injured are brought in by the 
ambulance. Cases requiring surgical interference are ojierated upon at once. 
They are surrounded by every care that a modern hospital affords, and the 
results are as a rule excellent, even though many of these patients are acutely 
alcoholic, and not in tho best of physical condition, belonging, as the majority 
of them do, to tho city’s underworld. 

Pistol-shot wounds of the extremities and trunk, when uncomplicated, heal • 
as a rule promptly without suppiiration, whether the bullet lodges or not. It is 
rare to find portions of clothing or other material as a cause of suppuration. 

A large number of such wounds are treated yearly in tho Hudson Street Hos¬ 
pital, and when the injuries are not necessarily fatal the results are almost 
uniformly good. 

Wounds from shot-guns are rarely seen. If fired at close range these 
injuries are often severely contused and lacerated, compound, comminuted 
fractures, or, if of the head or trunk, immediately fatal injuries. If the 
range bo 50 feet or more the gravity of the injury will depend to a great extent 
upon the size of tho individual shot pellets, and may bo slight or serious. But 
in all these cases the patients may, and usually do, receive immediate and 
skilful treatment under favorable surroundings, aseptic treatment of their 
wounds, complete rest, good food, in short, they are well cared for from the 
start. 

WOUNDS RECEIVED IN WARFARE 

In warfare conditions are quite different. Tho weapons, though usually 
fired at great ranges, arc of a far more deadly character, both on land and sea. 
We shall consider tho conditions of land warfare first. In land warfare gun¬ 
shot wounds are caused by military rifle bullets, by shells and shell fragments, 
by shrapnel and canister, and in the most recent wars by fragments of bursting 
hand grenades, or from similar grenades fired by moans of a small, blank 
cartridge from tho muzzle of the military rifle. These grenades arc now used 
both in day and night attacks in the final rush from the trenches. Their use has 
been attended by a terrible mortality, far greater than is possible by rifle fire 
at close quarters, where the rifle is at best rather an unhandy weapon.* The 
fragments from these grenades produce wounds resembling those made by 
shrapnel and shell, namely, complicated extensively lacerated wounds usually 
infected and far more difficult to treat successfully than the clean perforations 
commonly made by tho small caliber rifle bullet. 

The modern military rifle sacrifices some of the destructive characteristics 
of the old-fashioned, heavy leaden bullet, for the sake of greater range and 
flatness of trajectory, but other qualities none the less or even more deadly are 
retained or acquired. The bullet is of small caliber, about .30 of an inch. At 
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ordinary ranges it passes entirely through the body, no matter in what position. 
The character of tho wound varies greatly under different conditions, and we 
shall now consider some of the peculiarities of modern bullet wounds. 

Recently the United States, England, France, and Germany have adopted 
a new bullet (model 1906), which differs from tho one which preceded it in 
several important particulars. Its use in actual warfare has now been sufficient 
for us to draw some general conclusions from actual experience, and experi¬ 
ments seem to show that tho wounds produced arc different in some respects 
from other bullet wounds. This bullet has a sharp point instead of tho ogival 
shape of the old bullet. The particulars are as follows: The now biillct is of 
the same caliber as the model immediately preceding it, but is shorter, lighter, 
has a higher velocity, and a much sharper point. Its length is but 1.08 inches 
as against 1.25 inches for tho model of 1903; its weight 150 grains, as against 
220 grains of its predecessor. Its muzzle velocity is 2,700 feet per second, an 
increase of 400 feet. Its structure is as before, a core of lead and tin composi¬ 
tion inclosed in a jacket of cupronickel. The charge is of pyrocellulose 
composition, very similar to the powder used for propelling charges in field 
and sea coast guns. The grains are cylindrical, perforated, and graphited. 
The normal charge weighs from 47 to 50 grains, varying with the lot of pow¬ 
der used. By the use of this cartridge (pdwder and bullet) the trajectory has 
been fiattened, and the point blank danger space has been raised to 718.6 yards. 
At 1,000 yards the bullet will penetrate 12.8 inches of pine, and at 100 yards 
will penetrate a steel plate 0.3843 inch thick. Some experiments with simi¬ 
lar bullets, quoted in Johnson’s “Surgical Diagnosis,” were made and recorded 
by Riedinger, and are hero reproduced: 


Additional Remabks in Regard to Gun,shot Wounds PnoDUCEb by Military Rifle 

Bullets of the Most Recent Type 

At the present time, Germany, England, and Franco have adopted a military rifle 
which fires a bullet of a caliber of 88 mm. The bullet differs from those used by 
other nations in certain particulars. Instead of a rounded or ogival point, the bullet 
is sharply pointed. It is probable that other nations will soon adopt this form of 
bullet. The pointed bullet offers less resistance to the air than other forms, and con¬ 
sequently a flatter trajectory is possible. The center of gravity of the bullet lies nearer 
its base than in tho ogival-tipped bullets, and this produced, so it is said, a tendency for 
tho bullet to tip over after it has reached a certain point in its flight. In order to 
overcome this tendency at ordinary ranges, the initial velocity given to the bullet is 
very high indeed. The German bullet is 27.8 mm. long and weighs 10.0 gms. A re¬ 
view of the experiments of others and the results of certain experiments made by him¬ 
self has been published by Dr. Riedinger, and from his monograph the following 
data are derived: 

The powder load is 3.2 gms. On account of the relatively small weight of the 
cartridges, soldiers are able to carry a larger number without notable effort. The 
rifle is most efficient up to ranges of from 800 to 1,000 meters. The initial velocity 
of the bullet is 855 meters per second. The extreme range is 4,600 meters. At a 
range of 800 meters the bullet will perforate in a sagittal direction any portion of 
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the human body. At the same range, if the body is struck lengthwise, wounds are 
observed from 400 to 600 mm. in length. If at this range the bullet strikes flatwise, 
nim. deep may be produced. At very great range the weapon is less 
emcient than the military rifles at i)resent in use by other nations, and at similar 
ranges the bullet shows a decided tendency to tip over. It is therefore probable that 
wounds made by the bullet striking flatwise will be more coininou. Further, there is 
some tendency for the bullet to be deflected when it strikes hard bone. 

In general, the destruction of bones and soft parts and the wounds produced 
closely resemble those made by the ordinary ogival-pointtd bullet. In the shafts of 
the long bones the bullet produced comminuted fractures, the area of comminution 
and the lines of the fracture suggesting in shape the outlines of an i>rdinary envelope, 
or in other cases the outspread wings of a buttcrlly. At close ranges a large nuinhcr 
of minute bone fragments of a generally (piadrilateral sha))e arc produced. At in¬ 
creased ranges the comminution is less marked, the number of fragments is smaller, 
and the size of the individual fragments greater. In these particulars the wounds do 
not differ markedly from those ordinarily ol)served. Comminution of the shafts of 
long bones, tibia and femur is observed up to a range of 2,000 meters. If the shaft 
.of the long bone is struck near its border without oix-ning the medullary canal, a 
groove may be cut in the bone without notable comminution and without any marked 
radiating lines of fracture. (Fcssler.) 

Upon the spongy ends of the long bones simple perforations arc often produced, 
resembling those made by the ogival-shai)cd bullet. In oilier cases perforation occurs 
with fnore or less marked radiating linos of fracture. Tlu; more nearly the wound 
approaches the hollow diaphysis of the hone, the more marked are the splintering and 
comminution. 

The wound of entrance in the skin from direct shots is ver,y small, smaller usually 
than the diameter of the bullet. The edges of the wound usually show fine, radiating 
tears. The wound of entrance is slightly stained of a grayish color, due to powder 
residue which clings to the bullet. It is thus possible to differentiate the wound of 
entrance from the wound of exit. If the bullet strikes the skin ohliijnely or flatwise, 
the wound of cntrinicc will, of course, be larger and of a dilferent shape. The wound 
of exit is also, as a rule, quite small, irrespective of the amount of destruction of the 
bone or subcutaneous soft parts. When bones are fractured, minute particles of bone 
are scattered through the tissues and may sometimes he si'tui in the wound of exit. If 
the bullets strike flatwise, the wound of exit is usually much larger, and through it 
torn tendons and muscular bellies may protrude. 

Riedinger says in regard to the most modern French military rifle that the ball 
is solid; it consists of copper, to which a small amount of zinc is added. It is pointed 
at the end, resembling in shape a torpedo or cigar. It is longer than the German 
bullet, 39.9 mm. as compared with 27.8 mm. The caliber is 8.0 mm. The bullet 
weighs 13.2 gms., and is therefore heavier than the German bullet. The initial velocity, 
however, is lower, 730 as compared with 830 meters! The trajectory is not as flat as 
the German rifle, but the weapon is effective at greater ranges. 

Riedinger considers that the most important differences in the wounds produced 
by these pointed bullets will depend upon the tendency for the bullet to bo upset in its 
flight and to strike flatwise. Sufficient observations have not as yet been made to 
determine how often such wounds will occur. (Experience in recent wars, notably in 
the Balkans, indicates that these bullets are more destructive than was supposed. They 
are so easily upset that mutilating wounds are frequent, and there are many body 
wounds which do not come under treatment. The wounded die on the field.— Editor.) 
If the bullet strikes point foremost, wounds of the soft parts alone will probably be 
simpler even than those produced by the ogival bullet, and the same will be true for 
wounds of the spongy bones. If, on the other hand, the bullet upsets, a considerable 
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cavity will be produced in the track of. the wound. The wounds of the shafts of the 
long bones do not differ materially from those made by other small-caliber bullets. 
When the bullets strike flatwise, the destruction of both bone and soft parts ’ivill be 
greater. The wounds of entrance and exit will be larger and aseptic healing will be 
more difficult to obtain. Eiedinger says that, if the bullet strikes some very massive 
obstruction when moving at high velocity, any massive hard portion of bone, for 
example, the mantle may be torn and the leaden core of the bullet may split up into 
fragments, producing very severe wounds. 

The pointed bullet is even more apt fo make a clean perforation in blood vessels 
than the ogival form. Wounds of nerve trunks will probably resemble those already 
observed. Fessler fired twelve experimental shots through the abdomen. In all but 
one the intestine was wounded. The effects upon the skull were said to be even more 
destructive than usual. Wounds of the thorax, when the bullet preserves its proper 
line of flight, will not differ from those produced by the ogival bullet. If, however, 
the bullet is upset and strikes flatwise, more serious injuries are to bo expected. Thus 
a certain proportion of the wounds will be more serious than ordinary, and there will 
exist another group in which the injuries will be relatively slight. 

With the exception of the greater tendency of these bullets to upset in their flight,, 
or to upset when they strike home, it does not seem to me that the wounds produced 
are likely to differ materially from those ordinarily observed. 

In regard to the cavalry arm of the U. S. Navy and Military Service, recent ex¬ 
perience and experiments seem to show that revolvers of .38 caliber are not sufficiently 
powerful and do not produce sufficient shock to stop a charging horse, unless the shot 
be a particularly fortunate one. Experiments were conducted upon steers for the 
purpose of testing the stopping power of various pistols. It was found that a heavy 
revolver of .45 caliber, when fired through the body of an ox, would nearly always 
cause it to drop instantly, so that it was unable to regain its feet. Revolvers with 
lighter bullets and of smaller calibers fail to do this. The automatic pistols, there¬ 
fore, of the United States Cavalry have been increased in size and caliber to .45, and 
at present this is the standard pistol both for the Army and Navy. The bullet is 
jacketed. 

It is necessary for us to revise our conclusions in regard to the humane 
character of the wounds caused by the pointed bullet. They are much more 
destructive than was supposed, chiefly owing to the ease with which they are 
upset. Thus, La Garde, “Gunshot Injuries,” 1914, page 60, says: 

The effects of the pointed bullet in the Turko-Balkan War of 1912-1913 have sus¬ 
tained the estimates of the experimenters as to its degree of deadliness. The body 
wounds in the two belligerent armies seldom lived to receive hospital care. The high 
ratio of wounds by shrapnel, which in themselves cause an excessive mortality among 
body wounds, have come in to mask the deadliness of the pointed bullets, but the re¬ 
ports of all the observers are unanimous on the field mortality. 

Major P. C. Fauntleroy, M. C. U. S. A., our attache with the armies in the field 
from- January 1 to March 15, reports approximate total casualties in the Bulgarian 
Army as follows: 
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About 20 cent, of all wounds were from shrapnel. If we add the number of 
officers and men killed and wounded, we find the ratio of killed to wounded to be 
1 to 2.5. The very few abdominal wounds that lived to reach the hospital* care were 
prone to develop septie peritonitis with abscess. Penetrating chest wounds by the 
Spitz-ball, as the pointed bullet is called over there, were prone to the development of 
complications like pneumohemothorax, pyothorax, etc. 

Of the wounded by the Spitz bullet that reachod hospital care, the majority were 
not serious, and recovery occurred in from four to six weeks. 

Much to the surprise of the observers, the pointed bullet often lodged; this was 
attributed erroneously to defective ammunition. 

It requires no prophet to predict that the war wounds of the future will be much 
more grave. Body wounds will be more uniformly fatal; injury to the bones will be 
more extensive and prone to suppuration. 

The humane character of the reduced caliber bullet wounds so happily noted in 
recent wars will be less frequent. This will be especiiflly true of wounds of the lungs 
and epiphyseal ends of the bones. 


GENERAL TREATMENT OF GUNSHOT WOUNDS 

Experience shows that in a larfijo proportion of uncomplicated gunshot 
wounds conservative treatment gives excellent results. This treatment is 
absolutely simple, and may be outlined in a few .words. The external wounds 
and the surrounding skin are painted with tincture of iodin, without previous 
washing in water. If the skin be grimy and oily, the surface may be cleaned 
with turpentine, with equal parts of alcohol and ether, with alcohol, or with 
benzin or gasoline. After wiping dry with a pad of sterile gauze, the iodin 
may bo painted on with another similar pad, or a plug or pad of gauze sat¬ 
urated with iodin solution may bo left in or upon the wound. An occlusive 
sterile dressing follows, preferably covered by an immobilizing splint. In 
addition, rest, food, and attention to the bowels are usually all the treatment 
that is needed. The Medical Department of the Army now furnishes iodin to 
troops in the field. It is issued in sealed glass tubes, each tube containing 
one gram of iodin and one and one-half grams of potassium iodid. The con¬ 
tents of a tube dissolved in .50 cubic centimeters of alcohol, or, in default of it, 
in water, makes a solution of suitable strength for ordinary use. 

So long as a bullet wound is not infected, does not penetrate an important 
body cavity, and is not attended by the signs and symptoms of injury to a 
large blood vessel or a nerve trunk, its lodgment is rarely of much importance. 
Probing of bullet wounds is unnecessary and unwise. The bullet can be lo¬ 
cated quite accurately by two X-ray pictures, preferably stereoscopic or with 
Sweet’s localizer or some similar device. Such a bullet can usually be re¬ 
moved by a suitably placed aseptic cut if desired, with but little or no risk. 
Many patients are anxious to be rid of such lodged bullets, and in general 
iheir wishes may bo granted. Such removal can often be done under local 
anesthesia (jiovocain and adrenalin). It will usually be wise to cut down 
^oipon the bullet directly, irrespective of its track through the tissues. There 
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are conditions under which a large missile should be removed even at con¬ 
siderable risk, for example, when a missile is lodged in a position such that it 
presses upon a nerve trunk, causing pain or even serious neuritis, or when 
it lies at the bottom of an infected track or free in a joint. These conditions 
will be mentioned more fully under the wounds of various structures and 
characters. 

It has been observed in recent wars that rifle-bullet wounds involving the 
spongy ends of long bones and large joints may heal perfectly under an oc¬ 
clusive dressing with little or no impairment of function. It was learned first 
by German surgeons in the war between France and Germany, and has been 
emphasized by experience in every war since then, that under the conditions of 
an active campaigii the wounds would do far better under an occlusive anti¬ 
septic dressing with immobilization of the wounded part until they can be 
transported to a well-equipped hospital, than by attempts at active interference 
in the field, except in cases of absolute necessity, as, for example, the arrest of 
active bleeding. In recent wars this has been notably true of gunshot wounds 
of the abdomen. When operations have been done in those cases in field hos¬ 
pitals the mortality has been very high, higher than would be normal after 
the same injuries and operations done in a well-equipped hospital in time of 
peace. Among the cases treated conservatively without operation the mor¬ 
tality has been high, yet there has been a fair proportion of recoveries, though 
in some of those it seemed certain that the alimentary canal was perforated. 
The recoveries were due apparently to the fact that the soldiers went into 
action hungry and with but little food, cither in the stomach or in the intestine. 
In consequence no leakage occurred and no infection. 

The very high mortality following laparotomy for gunshot wounds in¬ 
volving injury to the abdominal viscera in battle depends upon three factors, 
namely: 

(1) Time. 

(2) Unavoidable absence of aseptic surroundings. 

(3) Improper after-care owing to the necessity of transporting the wounded often 
to great distances, entailing want of rest and quiet and tlie passing of the wounded 
through many different hands. Moreover, at the field hospitals, the number of the 
wounded may be very great. The number of attendants and surgeons is of necessity 
small. But little time can be given to the individual case. 

In civil practice in time of peace it is a matter of common experience that 
the prognosis of operations for perforation of the stomach and intestine, 
whether due to injury or disease, depends largely upon the number of hours 
elapsed since the perforation took place. Thus, after twelve hours, the 
chances of recovery grew smaller rapidly hour by hour. Toxemia and 
paralysis of the bowel, having reached a certain grade, render the patient’s 
condition hopeless. Under the conditions met on the battlefield,many hours 
may elapse before the wounded receive even first-aid attention. Transportation 
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to a field hospital consumes some time, and still further delay may occur 
before the wounded can bo operated upon, and then under conditions anything 
but favorable. 

Following such operations in time of peace the patient has absolute rest 
and unremitting skillful care and attention, without which he will almost cer¬ 
tainly die. Unavoidable absence of aseptic surroundings and want of proper 
after-care, however, contribute to render abdominal operations upon or near 
the battlefield desperate measures only justifiable under cxcc])tional condi¬ 
tions, or in cases where the indications arc absolutely plain, as when intestinal 
contents, gas, or fcccs escape from the wound, when active bleeding calls for 
control, or when, after shell wounds, the bowel or some other abdominal 
viscus, spleen, kidney, or omentum, is pr()la})sed. * 

In time of peace in wcll-cqnippcd hospitals attended by surgeons of ex¬ 
perience gunshot wounds of the abtlomen should be, and commonly arc, treated 
by an exploratory abdominal incision at once, \Yhcncver perforation of the 
abdominal wall is probable, whether the symptoms of shock or hemorrhage 
point to the injury of important structures or not. The exploration adds 
little or nothing to the peril of the wounded individual, and if any serious 
injury has occurred to the viscera immediate operation gives the best possible 
chance of recovery. 

The position of the incision will depend to some extent upon the position 
of the external woTind and the probable course of the Indict. Where no signs 
or symptoms are present to servo as guides to the probable situation of the 
intra-abdominal injury a median cut is commonly regarded as best. The 
abdomen having been opened, search is made for the lesions present according 
to the rules and principles governing modern aseptic surgical technic as 
applied to the interior of the belly, fully de.scribed elsewhere in this book. It 
is well, in my experience, if much free blood is found, to search for the bleed¬ 
ing points and stop the hemorrhage first, before searching for wounds in the 
bowel, stomach, or other viscera. It often happens that the necessary manipu¬ 
lations will start woiindcd vessels bleeding afresh and violently, and if such 
bleeding be disregarded while holes in the intestine or stomach arc sought for 
and sutured the surgeon may suddenly find himself finishing his operation 
hurriedly and perhaps inefficiently upon an exsanguinated i)aticnt. It is bet¬ 
ter to stop the bleeding first, whatever its source, by ligature or suture, if 
possible—^by packing, if necessary—and to attend to the removal of blood and 
intestinal contents and the suture of perforations later. If, however, the 
operating-room be eqnipped with an efficient aspirating device, such as de¬ 
scribed in Chapter VII, Volume I, a good assistant may, with advantage, and 
without much interference with the operator, remove much of the blood or 
other material, while search is made for the source of hemorrhage. To do 
these operations well requires an experienced operator, trained assistants, good 
retraction, etc.—in fact, a well-equipped and well-conducted operating-room. 

Thobgh haste never produces efficient work, speed may be essential to success, 
43 
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and this is onlj to be attained in work of this kind by a thoroughly trained 
staff accustomed to working daily together. 

It has been suggested that wounds of the belly should be treated on the 
battlehold or in the field hospitals by complete rest, starvation, and large 
doses of morphin or opium. It seems probable that some patients might thus 
be saved who would otherwise die. A very marked difference certainly exists 
between the results of wounds made by old-fashioned, large, heavy, soft-lead 
bullets and the modern hard projectile fired at high velocity and used at 
present. A larger proportion of the wounds made by the latter are immedi¬ 
ately fatal, but in those who recover wound infection is less frequent, and 
complete and rapid restoration to health is the rule, so that wounds ap¬ 
parently of a serious character may be recovered from in ten days or a fort¬ 
night, and the soldier again be ready for diity in a surprisingly short time. 
With the old lead bullets prolonged suppuration, resections, amputations, and 
greatly delayed convalesceiy;e were the rule rather than the exception. The 
recent wars in the Balkans have seemed to show that the sharp-pointed, small- 
caliber bullets produce in general wounds of a character even more deadly 
than those with the rounded point. 


WOUNDS RECEIVED IN LAND WARFARE 

We shall now consider the conditions of fighting on land in more detail. 
Soldiers fighting on land may find themselves in one of three positions. (1) 
They may be attacked while occupying a fortified post. Here the conditions 
for the care of the wounded are relatively favorable. The fortifications 
themselves usually offer some protection for the wounded and for the sur¬ 
geons, who are able to care for them on the spot, and immediately. 
Moreover, a good hospital is usually within easy reach, and transpor¬ 
tation of the wounded to it is not difficult; neither is it exposed to the 
perils of transportation to a field hospital during an engagement. Even if a 
fortified post be captured, the peril of the wounded need not thereby be 
increased. 

(2) .Troops may be employed as an attacking force against a fortification. 
Such operations give time to the medical department in consultation with the 
< 5 ommandor of the forces to arrange its field hospitals and dressing stations in 
suitable places where, except in case of disastrous repulse and counter attack, 
the wounded can readily bo transported and cared for. If, however, the attack 
is not successful, the wounded who fall between the advance lines of the 
attack and the fortifications must lie sometimes for hours or days without 
help, unless a truce is declared for this purpose. This belt of ground between 
the lines will be so swept by rifle and artillery fire that no aid can bo given 
until the engagement is over. Such conditions happened before Port Arthur 
after assaults made by the Japanese, and occurred repeatedly in the battles of 
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our Civil War. Under these conditions the v?ounded suffered greatly, and 
many died whose lives might have been saved by prompt assistance. 

(3) One mobile body of troops may attack another force also movable. 
Here the conditions for the care of the wounded arc most difficult. The fire 
of modern artillery and of rifles is so deadly, even at great ranges, that the 
Medical Department may find it very difficult to establish stations at once 
sheltered from fire and accessible to the wounded. 

Method of Giving Aid to the Wounded on the Battlefield.—The following 
very brief summary of an article written by'(Icneral Robert M. O’Reilly, in 
Keen’s “Surgery,” gives the method of aiding the wounded that is used in the 
United States Army. 

The wounded are cared for in four ways, or, bnc might say, stages. 

1. Regimental Aid. 

2. Dressing Stations. 

3. Ambulance Stations. 

4. Field Hospitals. 

1. BEGIMENTAL AID. —Regimental aid is such as may be rendered by the 
regimental surgeon and his assistants. The regimental surgeon or the medical 
officer next in rank has under his command the men of the hospital corps de¬ 
tailed for first-aid work. They are distributed in the rear of the fighting lino 
and as near to it as possible, within 1,000 yards, if practicable, and on rough 
ground perhaps much nearer. Their duties are to render fir.st aid to such of 
the wounded as can be reached, to apply first-aid dressings, to check bleeding, 
to provide improvised splints, to secure immobilization, to help the wounded 
to places sheltered from fire if possible, and to help them to the rear. The 
regimental surgeons also supervise the work at the dressing stations, preserve 
order, and see that malingerers return to the front, and that those who require 
transportation by ambulance are properly cared for. If necessity requires, the 
members of the regimental band and a detail of men from each company 
act as litter bearers. During an engagement, however, most of the badly 
wounded must lie upon the field where they fall, because litter bearers can 
rarely reach them in safety, or, if they do, can only attempt to carry them to 
the rear at great peril to both bearer and wounded. Accordingly this work 
can only bo accomplished in a satisfactory manner after firing has ceased, or 
after a considerable advance has been made by the firing line. The only aid 
that the wounded can receive at the immediate front will be such as can be 
given to them by their companions on the firing line. The better the soldier 
is instructed in first-aid duties, the better the care he will receive. 

In the United States Army each soldier is supplied with a first-aid packet, 
in a light metal case. The contents are a sterile gauze pad afid bandage, so 
arranged that the pad can be applied to the wound and bandaged to the limb or 
other part without handling the pad itself. A small tube of iodin in solution', 
if such can be made stable, is valuable to pour over the woupd and the sur¬ 
rounding skin, or, if the wound is large, the pad. of gauze may be soaked in 
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iodin Bolution and applied to the raw surface. It is important that these first- 
aid dressings should extend well beyond the wound edges, and that they, should 
be so applied as to remain firmly in position, protecting the wound area com¬ 
pletely from soiling by dust or by the friction of dirty clothing. ' If well ap¬ 
plied, such dressings will protect a wound from outside infection for many 
days, or until danger of infection from without has passed, unless the wound 
surface be extensive and much contused. 

In city hospitals many dressings are held in place by strips of oxid of zinc 
plaster. This does not slip, nor does it irritate the skin, and affords some 
support to the wounded part. A small roll of such plaster would be a valu¬ 
able addition to a first-aid packet. It is useful for support and immobili¬ 
zation, for holding splints “ and dressings in place, and for many other 
piirposes. 

In recent wars many wounds have been healed under this first-aid dressing. 
On no account should a finger or an instrument he inserted into these fresh 
wounds. The less the interference the better, except for the control of active 
bleeding. For extensive lacerated wounds the so-called “shell wound packet,” 
now in use in the navy and artillery arm ashore, is efficient. 

Before applying the first-aid dressing the clothing should bo cut away and 
the wound completely exposed to the air. No oiled silk, rubber tissue, or other 
impervious material should be used, either on the wound or outside the dress¬ 
ing; such a covering prevents evaporation, keeps the wound from drying, and 
thus favors bacterial growth. 

On no account should the wounded be brought to the rear by unwounded 
comrades engaged on the firing line. The defense is thus weakened to no 
purpose, and often seriously. This was observed many times on the Kussian 
lines when fighting the Japanese. To prevent this those detailed to render 
first aid should make every possible effort to reach and bring back the wounded. 
If they fail in this, human nature will assert itself against the strongest dis¬ 
cipline, and from sympathy—not from cowardice—the soldier will desert the 
firing line in order to help his wounded comrade to the rear. 

2. DRESSING STATIONS. —The dressing stations are in charge of the 
brigade surgeon. These are located as near the firing line as possible, but 
sheltered from fire. They should be as near as practicable to some road or 
track over which horse or automobile ambulances can travel to the field hos¬ 
pitals. From the dressing stations squads of litter bearers are sent to seek and 
bring back the wounded from the firing line, or as near to it as they can ap¬ 
proach without too much exposure. When the wounded reach the dressing 
stations they are examined and classified as to the apparent gravity of their 
injuries. Eadh man is tagged with a provisional diagnosis, and an “urgent” 
tag is attached to those who require immediate attention. Only emergency aid 
*is given at these stations. Active bleeding is controlled, first-aid dressings are 
applied, injured limbs are immobilized, and remedies are given' to combat 
shock. 
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3. AMBULANCE STATIONS. —Tho function of tlio ambulance station is to 
transport the seriously wounded with the least possible delay to the field hos¬ 
pital. When practicable, the dressing stations and ambulance stations may be 
consolidated. 

4. FIELD HOSPITALS. —At the field hospitals the wounded are more care¬ 
fully classified, iiressiugs and splints suitable for transport to tho base hos¬ 
pital are applied. Only such ppcrations as arc absolutely necessary are per¬ 
formed, since aseptic technic is almost impossible under tho conditions. How¬ 
ever, with boiled water, tincture of iodin, boiled instruments and boiled rub¬ 
ber gloves, and with a trained ^.aff, the necessary procedtircs may be car¬ 
ried out with some approach to (dcanl incss. The large number of oases to be 
cared for is always a serious handicap to cfficieiM^-, and experience shows that 
the patients suffer less if they are sent at tho earliest possible moment to a 
base hospital or to a civil hospital in the nearest largo city. 

Tho several kinds of missiles and their effects may bo taken up seriatim. 

- They are: 

1. Rifle bullets. 

2. Projectiles fired from cannon, shell, shrapnel, and canister. 

•3. Hand grenades. 

4. Explosion of mines, etc., in naval warfare. 

WOUNDS DUE TO BIFLE BULLETS 

Modern rifle fire is said to be annoying at 2,000 yards, effective at 1,200 
yards, decisive at 600 yards. The pointed bullet is more easily upset than 
the heavier bullet with an ogival point, hence, it might be expected that the 
former would more often strike sidewise, and produce graver injuries. Ob¬ 
servations during the most recent wars show that this is very often the case. 

The following description is based upon experience with the earlier type of 
bullet, which is still being used by troops in the Philippines and elsevhere. 
The effects upon different tissues when struck by the small caliber hard bullet 
vary with the range and also with tho physical quality of the tissues or organs 
struck. Tho kinetic energy of the bullet at ordinary ranges is enormous, and 
the destructive effect upon tho body varies in severity directly with the resist¬ 
ance offered by the tissues. Thus, upon skin, subcutaneous tissue, muscle, 
tendon and blood vessels, since these structures offer but a trifling resistance, 
the missile, assuming that it travels head on, produces a mere puncture or nar¬ 
row tract with little or no lateral destruction. If the bullet is upset in its flight 
and strikes sidewise or butt end foremost, or if it bo deformed by ricochet, 
the laceration of the soft parts will bo much more widpspread and the skin 
wounds larger, particularly the wound of exit, and consequently more apt to 
become infected. When the bullet strikes the skin point foremost, and tra¬ 
verses only soft parts, tho wounds of entrance and of exit are much alike, cir- 
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cular, with slightly ragged edges, about 1/3 in. in diameter. The orifice is 
soon filled with a black crust of clotted blood. Slight necrosis of the edges 
may occur after a few days, but if the wound is covered with an aseptic dress 
ing and not disturbed, primary union occurs as a rule in a week or ton days. 
If the bullet strikes the skin obliquely, the wound of entrance will be oval. 
As stated, these results are modified when the bullet is deformed or strikes 
sidewise. , 

Upon solid organs or hollow organs filled with fluid, liver, spleen, kidney, 
stomach and urinary bladder, the resistance offered is much greater, and at 
ordinary ranges, extensive laceration and bursting are to be expected. Upon 
the spongy ends of the largest bones, femur and tibia, clean perforations with 
radiating fissures are common. Upon the smaller bones, metacarpals, meta¬ 
tarsals, etc., the part struck is usually pulverized. Upon the hard shafts of 
long bones, which offer great resistance, extensive splintering and widespread 
destruction of bone and soft parts are the rule. In the immediate vicinity 
of the point of impact the bone is pulverized. The bone dust and bone splint¬ 
ers become secondary missiles, and often cause widespread destruction of the 
soft parts, and a wound of exit of large size, sometimes slit-like with radiating 
tears. If the bullet strikes the bone obliquely, a large part of the shaft may 
be reduced to bone dust and splinters. These explosive effects are observed up 
’to a range of 000 yards, beyond which they gradually diminish, while at great 
ranges, 1,500 to 2,000 yards, they nearly or quite disappear, so that the track 
of the bullet becomes a simple channel with little or no lateral destruction, 
modified, however, by deformed and upset bullets, when, on account* of the 
greater striking area, the destruction of tissues is increased. 

W^ith these general remarks we may consider the effects of rifle bullets more 
in detail. As already noted, the modern rifle kills a larger proportion of those 
hit outright than the earlier rifle; for example: 1 in 2.5 in the Turko-Bul- 
garian War and 1 in 4.12 of those wounded in the Anglo-Boer War as com¬ 
pared with 1 in 5.57 in the American Civil War. However, with the modem 
bullet, of those wounded who do not die on the field, a large proportion recover 
completely and promptly. Permanent disability is also less common. No 
doubt these results are modified by early aseptic and antiseptic treatment, and 
by avoidance of fingering and probing the wound. Also, while in earlier wars 
immediate amputations and resections were done in field hospitals and were 
nearly always infected, at present, great conservatism is the rule, and a large 
proportion of the wounded recover without infection. 

We have already noted the characters of wounds of the skin. 

Wounds of Tendons. —Tendons are not pushed aside, but are cut and may 
be cleanly severed, as from the cut of a knife. Such severed tendons should be 
sutured at the earliest possible moment. 

Wounds of Nerves. —Nerves may be wholly or partially divided. While 
early suture is the best treatment, such nerve injuries are peculiarly liable to 
be followed by peripheral neuritis and rather extensive central degeneration 
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witH paralysis and severe pain. The prognosis following oven early nerve 
sututo is not as favorable as after suture following incised wounds or nerves. 
If a nerve trunk is included in a mass of scar tissiie, and is very painful, it 
may be freed by careful dissection with hope of relief. 

Wounds of Blood Vessels.—Arteries and veins are cleanly cut or perforated 
by rifle bullets. If the main artery of a limb or a large artery anywhere is cut, 
speedy death from bleeding may occur. In some cases if the hole in the vessel 
is small, and the track of the bullet uncomplicated and narrow, passing through 
firm tissues, the bleeding may stop spontaneously. The caliber of the vessel 
may be subsequently normal, reduced in size, or oven obliterated by scar tissue. 
In other cases an arterial hematoma or traumatic aneurysm will form. It is 
said that, in a few cases, mere contusion of the Vessel wall has resulted ih an 
aneurysm resembling the pathological variety. Arteriovenous aneurysm and 
aneurysmal varix have both been observed. 

The treatment of wounds of vessels will depeiul upon whether the bleeding 
stops spontaneously after rest and immobilization or continues or recurs. In* 
the last two groups aseptic incision and distal and proximal ligation of the 
vessel is the method of choice. If, however, this is not possible, proximal liga¬ 
tion through a separate incision nearer the heart may be done, always with the 
risk of gangrene, especially of the lower extremity. Such risk will increase 
proportionately to the destruction of tissue and infiltration at the site of the 
original wound. If the wound is or becomes infected, gangrene is all the more 
likely to occur. 

A caution of value is this. Bleeding from many of these bullet wounds 
tends to stop spontaneously. This result may be favored by moderate pressure 
over the wound or by aseptic packing, by rest, immobilization and elevation of 
the limb. A little knowledge is a dangerous thing. The immediate and pro¬ 
longed application of a tourniquet has cost in civil as well as military practice 
.the loss of many a limb and many a life. The natural impulse of the inex¬ 
perienced is to apply a ligature to a limb for bleeding, even though it be quite 
moderate in amount. Such a ligature should remain in place for the briefest 
possible time. If it must remain for an hour or more, it is better to loosen it 
now and then for a few moments, thus permitting some blood to reach the 
parts beyond the wound. This caution does uot apply to the cases of furious 
bleeding where the main artery of the limb is cut, but in such cases the wound 
will usually be fatal before any help is given. 

BECURRENT BLEEDING. —From the necessity of transporting the wounded 
to some distance and the consequent jarring and shaking, bleeding from fresh 
wounds may recur. The wounded should be inspected from time to time with 
this fact in mind. 

SECONDARY HEMORRHAGE. —Secondary hemorrhage is a complication of 
badly infected and sloughing wounds, and is due to necrosis of the vessel wall. 
It should be treated by proximal and distal ligation of the bleeding vessel in 
healthy tissues. For this purpose the infected wound must be enlarged and 



664 


GUNSHOT WOUNDS AND THEIR TREATMENT 


cleaned as carefully and gently as possible with a weak iodin solution, me 
vessel must bo sought for and tied above and below the seat of the bleeding. If 
the main artery of the limb be the source, amputation will often be the safest 
mode of treatment. 

Wounds of vessels in body cavities, thorax and abdomen, where the sur¬ 
rounding soft parts afford no hindrance to the continuance of bleeding are' 
particularly dangerous. If the surroundings are such that search for the 
bleeding point under aseptic conditions is impossible, then absolute rest and 
quiet, the application of cold to the surface, and a full dose of morphin, hypo¬ 
dermically, together with adrenalin, are the measures offering the best chance 
of spontaneous arrest of bleeding. 

Gunshot Fractures.—The recognition of gunshot fractures of the long bones 
is usually very easy. Only incomplete fractures may escape recognition. The 
details of the fractures are best learned by taking a series of X-ray pictures. 

The treatment, so long as the wound remains clean, is by the application 
'of an aseptic, occlusive dressing, and immobilization, according to the princi¬ 
ples and rules which guide the surgeon in the treatment of fractures in gen¬ 
eral. Moulded plaster-of-Paris splints are applicable to many fractures, as are 
also moulded wire splints, and during the early days of treatment are to be 
preferred to circular splints of plaster-of-Paris. The former are easily re¬ 
moved and renewed. They permit easy inspection of the wound, and will not 
cause gangrene by constriction of the limb. If the wound remains clean, after 
the position and nutrition of the limb are assured, the moulded splint may be 
replaced by a circular one in suitable cases, with a window cut over the wound 
for inspection and dressing. In such a splint, early ambulatory treatment 
is possible in nearly all fractures except those of the spine, pelvis and 
femur. 

If a gunshot fracture becomes infected it must be treated on general sur¬ 
gical principles. Incisions must be made for the relief of tension and for 
drainage. Loose fragments must be removed. Pus pockets should be care¬ 
fully sought for and opened. The wound should be cleansed frequently but 
gently by irrigation with iodin solution, saline solution or both. Open air 
treatment day and night, if possible, is of groat benefit. The various vaccines 
are sometimes usefTil. Food should be abundant b\it easily assimilated, such 
as milk, cream, eggs, soup. Under good surroundings many of these cases 
finally do well, good union is obtained and the limbs regain their usefulness. 
If they do badly and become so septic that the general and local conditions 
grow progressively worse, amputation should not be too long delayed. If 
amputation is done, it will usually be wise to leave the amputation wound 
open. The skin flaps may bo held loosely approximated by one or two silk¬ 
worm-gut sutures. The face of the stump may be lightly packed with sterile 
gauze. If the amputation must be made, as sometimes happens, through in¬ 
fected tissue, the wound may bo painted with strong tincture of iodin or with 
a solution of camphor and carbolic acid in alcohol (Chlumsky’s Solution). In 
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these cases the use of autogenous vaccines is sometimes beneficial. In default 
of these, mixed commercial vaccines may he tried. 

Wounds of Joints.—Recent wars have shown that rifle bullet wounds of 
the larger joints may do very well under conservative treatment; so long as the 
wound remains aseptic, rapid healing and more or less perfect restoi’atiou of 
function arc the rule. The result will be modified by the greater or less regu¬ 
larity of the joint surfaces, due to displaced fragments and the formation of 
new bone, causing mechanical interference with the free mobility of the joint, 
and also by the greater or less extent of fibrous ankylosis remaining. In de¬ 
ciding for or against a secondary operation upon such joints, tho X-ray will 
usually furnish important information. My own experience leads me to be¬ 
lieve that conservatism in these cases is often tl\,e wisest course. A stiff joint 
in good position is often more comfortable and useful than a weak and movable 
one. 

Wounds of the smaller joints, owing to the small size of tho bones and the 
smashing effect of tho bullet upon them, are commonly followed by more or less 
complete destruction of the joint surfaces, and consequent loss of function in 
the joint. 

INFECTED WOUNDS OF JOINTS. —No more deadly and insidious typo of 
sepsis exists than a badly infected wound of a large joint. Some of these cases 
bafile the most skillful and earnest efforts of modern surgery. Only rarely 
does the patient recover with a movable joint. Ankylosis is the result in some, 
amputation in many, and death from septic poisoning, often with pyemic 
abscesses, is all too frecpient. The treatment consists in free drainage, irriga¬ 
tion, and frequent and careful dressings. The use of vaccines is sometimes 
valuable; also open air treatment and plenty of easily assimilable food. 
The progress of these cases .should be watched with exceeding care. They 
usually run a semi-chronic course, and since human nature is imperfect 
and acute cases are more interesting, the dressing of these unfortunates 
is apt to be relegated to inexperienced members of the staff, who 
fail to recognize tho insidious spread of tho infection until it is too 
late. 

Various elaborate methods have been devised for the treatment of infected 
joints; more especially tho ankle and the knee. Infection of the ankle joint 
may be treated with good results in certain cases by removal of the astragalus. 
In several instances I have treated infections in one or other of the smaller 
tarsal joints by removal of one or more of tho tarsal bones with good results. 
In tho knee, the method of opening the joint widely and treating it in a flexed 
position has not furnished good results in my hands, though highly spoken of 
by several competent surgeons. Usually tho joint will be treated conserva¬ 
tively by tube drainage, irrigation, etc., until decided improvement occurs, or, 
if tho case does badly, until resection or amputation will be the only resource 
left. Amputation in the bad cases of knee and ankle infection is, as a rule, 
sgfer than resection. In the hip, free drainage, resection if necessary, and dis- 
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articulation at the hip joint in the worst cases are the several steps in the 
downward path. 

In the upper extremity, drainage, followed if necessary by resection, are 
the methods used. Amputation will be loss often called for than in the lower 
extremity. It is to be borne in mind that any live appendage to the shoulder 
and elbow joints, armed at its end by a thumb and one finger, is a member of 
the greatest usefulness. An artificial arm and hand, though never so skillfully 
devised, is an expression not of our mechanical deficiency as makers of ma¬ 
chines, but an accentuation of the fact that no device born of human intelli¬ 
gence can compare with the most perfect mechanism with which we are ac¬ 
quainted, namely, the human hand. Therefore, in the upper extremity, the 
utmost conservatism is to bo practiced, and no effort omitted to avoid ampu¬ 
tation. A stiff shoulder accommodates itself through the movable scapula to 
nearly all the exigencies of a strong and useful arm. A stiff elbow in half¬ 
way good position is almost no handicap at all to most occupations. A stiff 
wrist is unpleasant, but scarcely crippling, and some sort of a hand, however 
crippled, is an invaluable possession. 

Bullets Lodged in or near Joints.—A bullet lying free in a joint cavity 
will usually require removal. Unless it can bo felt and identified, it should be 
carefully located by the X-rays. The removal should not be attempted until 
the patient can be surroimded by every aseptic precaution. If the billlet is 
lodged in the spongy end of a long bone near a joint, there is no more reason 
for removing it than though it lay elsewhere, so long as it is not associated with 
wound infection, and does not interfere mechanically with joint mobility. 
Here again no random search should be undertaken. The inissile must be 
accurately located. If possible, it should be removed through the overlying 
bone without invading the joint. 

Wounds of the Head.—Wounds of the soft parts covering the skull not in¬ 
volving the bone are serious only on account of possible bleeding, as from the 
occipital or temporal arteries, or infection. Wounds of the scalp are treated 
on general surgical principles. 

Wounds involving the skull are serious. At short range the explosive effect 
of the small bullet when it traverses the cranial cavity is well marked. The 
brain may be extensively disintegrated, the wound of exit large, and the skull 
extensively comminuted. In such cases death is instantaneous, or nearly so. 
As the range increases, the lateral destructive effect diminishes. At extreme 
ranges it may be absent and the bullet will often lodge. An upset bullet will, 
however, cause greater and more widespread destruction. 

As a matter of practical experience it has been observed that even at 
moderate ranges the small caliber bullet produced less lateral destruction in 
its-passage through the brain than experiments on the dead body would seem 
to render probable. Its path may be a simple track with little or no lateral 
destruction. 

Tangential shots may cut a groove in the outer table and this may be asso- 
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dated with fracture of the inner table and laceration of the dura and brain. 
All bullet wounds involvinji; the skull, whether they appear to penetrate or not, 
deserve careful exploration under aseptic jirecautions. It will often be found 
that a tangential shot has produced conimiuution of the inner table and 
laceration of the dura and brain of unexpected gi’avity. Loose fragments of 
bone, hair, and other foreign bodies should be searched for and removed. In 
some cases the rongeur and periosteal elevators will bo the only bone instru¬ 
ments required. In others, one or other form of trephine, or the circular saw, 
or some other of the common instruments in use may be required. The main 
object in these, as in all surfjical work on the skull and brain, is to limit the 
bleeding and to prevent infection. 1 f infection occurs several results are pos¬ 
sible. Abscess of the brain may follow, and may or may not be opened with 
success. . In other cases a localized meningitis will ensue which may be drained. 
In bad cases diffuse meningitis will develop and end fatally. 

PENETRATING AND PERFORATING GUNSHOT WOUNDS OF THE SKULL. 
—The signs and symptoms of these injuries will, of course, depend upon the 
seat and extent of cerebral laceration and intracranial hemorrhage. The out¬ 
look is worse when the wounds involve the lower temporal and parietal regions 
and the cerebellum than when the frontal and upper portion of the parietal 
regions are the seat of injury. 

In •civil practice my own observations of pistol shot wounds of the brain 
have caused me to be astonished at the recoveries, apparently complete, follow¬ 
ing penetrating wounds of the ccrcbnun, with lodgment of the bullet. Some 
of these are mentioned in Johnson’s “Surgical Diagnosis.” Others I have seen 
since that book was published. Some of these patients have passed out of our 
observation apparently quite well. In others, some focal symptoms have re¬ 
mained, slight paralysis representing destruction of small motor areas or inter¬ 
ference with special senses. 

The question of the removal of such lodged bullets must be decided by the 
circumstances of the particular case. If the wound is healed, and no symp¬ 
toms of irritation arc present, it is probably wiser to do nothing, unless the 
■foreign body is easily accessible and its removal involves no risk of destruc¬ 
tion of important areas, whether centers or nerve paths. If, however, the 
wound is slightly infected, and remains open, or if the bullet is manifestly 
causing irritation, as shown by headaches or other significant local or general 
symptoms, search for the missile through the track left in the brain involves, 
in my experience, no great risk. The foreign body must be accurately local¬ 
ized, so that the operator knows exactly the depth and direction from a fixed 
point on the surface of the skull (usually the wound of entrance) to the situa¬ 
tion of the bullet. The hole in the skull may th*en bo enlarged to convenient 
size with the rongeur, and a toothed forceps of suitable size and shape (a 
Kocher clamp is often good) or some form of bullet forceps is gently in¬ 
serted in the proper direction and to the measured depth. The forceps may 
then be opened to an extent sufficient to clasp the bullet in the diameter which 
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it is known to present in that plane, then advanced a little, and gently closed. 
If the bullet is seized, the forceps and bullet are carefullj withdrawn. If not, 
another effort may bo made to touch and grasp it with the forceps, or the for¬ 
ceps maj be gentlj withdrawn and a thick, blunt-pointed probe introduced in 
order to recognize by touch the metallic surface. If these manipulations are 
made with due care and gentleness, no great harm will be done, and they will 
usually be successful. When the bullet has ploughed through and lies more or 
less completely imbedded in the base of the skull, it is better to let it alone, for 
under these conditions the surgeon may have great difficulty in touching and 
recognizing the missile, and even greater trotible in extracting it without doing 
more damage than the conditions warrant. In some cases the telephonic probe 
might be useful. I have nev 9 r used it. 

When bullet wounds of the brain are infected and are complicated by 
abscess or localized meningitis, the indications are for drainage. The outlook 
is not very good. When as the result of a bullet wound there are considerable 
loss 6f substance of the skull and laceration of the dura which cannot be 
repaired, a so-called “hernia cerebri” may develop. If not complicated 
by severe infection, it is not so serious a condition as would' appear to 
those not familiar with the course of this phenomenon. For a time it grows 
larger and may form a largo protrusion. After some weeks the mass 
always shrinks, and upon healing the scar is depressed below the level of the 
skull. 

Wounds of the Face.—Gunshot wounds of the face may be of any degree 
of severity. No rules for their care can be given other than that they should 
be kept as clean as may be by moiith washes, sterile food, and nasal douches. 
In general their treatment must be modified according to the special charac¬ 
teristics of the individual case. 

When the undeformed bullet strikes point foremost, the face may be tra¬ 
versed in almost any direction without prodixcing grave injury. The track 
of the bullet is simple, and if clean soon heals. Two type.s of injury are, 
however, more serious: (1) Fractures of the lower jaw and fractures of the 
upper or lower jaw when the bullet strikes the teeth, (2) wounds of the 
eye and orbit. In wounds of the jaw, more especially the lower jaw, it is to 
be borne in mind that the bone is hard and dense, and that the increased resist¬ 
ance offered permits the flying bullet to expend a larger part of its energy. 
Hence, comminuted fractures are produced. The teeth also may become sec¬ 
ondary missiles, and greatly increase the extent of the injury. In these cases 
modern dental surgery may do much by the use of interdental splints and 
cleanliness, and later by plastic operations upon the face and by the use of 
cleverly devised artificial tee^h, plates, and their addenda. 

The eye may be injured in any degree of severity, from a mere contusion 
to a complete destruction of one or both eves, or the optic nerve may be cut. 
In some of these woimds the anterior fossa of the skull may be entered. The 
treatment of destruction of one eye is immediate enucleation. Less severe 
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injuries may be treated conservatively sometimes by iridectomy, by the use 
of atropin and cocain, iced cloths, etc. 

Wounds of the Neck. Gunshot wounds of the neck may be slight, severe, 
or immediately fatal injuries, according to the structures through which the 
bullet passes. The large vessels, the nerves, the larynx and trachea, the esopha¬ 
gus, the spine and spinal cord may any of them bo injured. Those which 
come under the surgeon’s care will not bo as a rule very severe injuries. The 
small caliber bullet may pass through the neck in almost any direction, and 
yet the important vessels, nerves, etc., may not be touched. 

Aneurysm and aneurysmal varix as well as varicose aneurysm have all 
been observed. Their treatment is operative. Wounds of important nerves 
can rarely be treated by operation with success. • 

TRACHEA AND LARYNX.— -W omuls of the trachea and larynx demand im¬ 
mediate tracheotomy to avoid the danger of laryngcail obstruction. 

ESOPHAGUS. —Woiinds of the esophagus demaud immediate exposure of 
the esophagus, repair of the wound in the gullet, and open drainage to avoid 
abscess and celhilitis. The patients should be fed through a long rubber tube, 
size about 24 French, passcid through the nose or mouth into the stomach. 

Wounds of the Thorax.—A\’ounds of the thorax may bo penetrating or non- . 
penetrating. The former group as a rule present no serious problem to the 
surgeon, provided they remain clean. An intercostal artery, if cut, should be 
tied. The internal mammary may bleed fatally, and should bo exposed and 
tied if possible. 

Penetrating wounds of the thorax, when they wound the heart or the great 
vessels, are usually immediately fatal and do not come under treatment. 

THE LUNG. —The lung offers Imt slight resistance to the small bullet, and 
the track through its stibstancc is usually narrow. The treatment is at first 
conservative by an occlusive dressing and immobilization of the chest by strap¬ 
ping and bandages. Empyema is to bo treated by resection of a rib and drain¬ 
age. In most instances, hemothorax is best lot alone, for a time, for the bleed¬ 
ing to cease permanently. If the blood accumulates in large amounts it may 
be removed by a powerful aspirator. If the surgeon choo.sos to do an open 
operation this must bo performed under intratracheal anesthesia, in a regu¬ 
larly equipped hospital. Under less perfect conditions interference would not 
be justifiable. I recently treated a gunshot wound of the lung where a large 
amount of blood had accumulated in the pleural sac, first by aspiration. In 
a few days, however, empyema developed and required the resection of a rib 
and drainage. 

Pneumothorax is to be treated by rest and later by lung exercises, namely, 
by blowing water from one bottle to another. 

The signs and symptoms of injury of the lung when marked are pain, 
hemoptysis, cough, subcutaneous emphysema, friction sounds, and other 
changes determined by physical examination, sometimes shock and the general 
symptoms of bleeding. External bleeding is rare. 
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Wounds of the lung usually remain clean, but if the bullet has passed 
through the stomach or bowel first, then empyema or abscess of the lung will 
be very likely to follow. When a bullet enters and lodges in the lung, it may 
remain quiescent indefinitely, and do no harm. 

Wounds of the Spine.—Bullet wounds of the spine may or may not in¬ 
volve the spinal cord. Those which injure the bodies of the vertebral may bo 
mere perforations. Those which involve the processes and arches are more 
apt to be comminuted and the latter are usually attended by cord symptoms. 
The nerve roots may also be cut. In the wounds involving destruction of the 
cord the prognosis- is bad and operation, as a rule, useless. Wounds without 
cord symptoms heal, if clean, under conservative treatment. The only method 
of determining the situation cf a bullet in the spine is by means of the X-rays. 
If such a b\illet appears to be pressing on the cord, and its presence is attended 
by the symptoms of a partial lesion, it may be removed with possible benefit. 

Wounds of the Abdominal Viscera.—Theoretically, wounds of the abdom¬ 
inal viscera should bo operated upon and the injury repaired. Practically, the 
conditions of warfare forbid interference in most cases. There is a fair per¬ 
centage of recoveries reported as the result of conservative treatment. To 
. surround a patient in a field hospital with the necessary asepsis and after-care, 
is well-nigh impossible. Still, the surgeon must be guided by circumstances, 
and if he be well trained in abdominal work, as many of our young men who 
leave our large city hospitals and enter the army are, he may find opportunity 
to operate and save lives in gunshot wounds of the abdominal viscera. He will 
bear in mind that time is everything. A man with a wounded bowel or stom¬ 
ach or one who is bleeding to death from a hole in his mesentery may be 
operated on successfully now, an hour after he is wounded. After 6 hours 
it may be too late. I have observed this more especially in perforated ulcers 
of the stomach. If these cases are operated upon within 1 or 2 hours after the 
perforation has occurred, the mortality is very small, and should not exceed 5 
per cent. After peritonitis is well developed, the mortality rises very high 
indeed, and even after 12 hours many of those cases are hopeless. 

WOUNDS OF THE LIVER. —It will rarely happen that a bullet wound of 
the liver can be treated successfully on the battlefield. The wounds are either 
slight, mere gutters on the surface of the liver, in which case bleeding may 
stop spontaneously, or they are more or less wide tracks through the liver sub¬ 
stance, sometimes with widespread destruction of tissue. Some of these can 
be treated successfully in civil practice by paeking, but many die in spite of the 
best care. In warfare, operative interference upon the battlefield is scarcely 
likely to be beneficial. 

WOUNDS OP THE SPLEEN. —^In civil life, gunshot wounds of the spleen 
may often be treated successfully by splenectomy. On the battlefield operative 
interference would not bo justified. 

WOUNDS OF THE URINARY BLADDER. —Wounds of the urinary bladder 
are to be treated by suture if possible, usually with drainage. They require 
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careful after-treatment by frequent aseptic catheterization. Sometimes it 
may bo found best to tie a catheter in«the bladder for sev'eral days. The signs 

and symptoms of urinary infiltration are to be treated by incision and perineal 
drainage. 

WOUNDS or THE URETHRA. —Wounds of the urethra may sometimes be 
treated conservatively. Usually they will require perineal drainage. 

WOUNDS OF THE TESTES. —Wounds of the testes are rarely serious, and 
may be treated conservatively in most cases. 

Wounds of the Extremities.—In an earlier part of this chapter an outline 
has been given of the treatment of gunsliot wounds of the extremities. It 
should be consorvative*wheiiever possible. It is well to remember that, while a 
wooden leg is very useful, an artificial hand is* a poor^ substitute for one of 
flesh and bone. 


WOUNDS PRODUCED BY PROJECTILES FROM ARTILLERY 
AND HAND GRENADES 

“Artillery projectiles are classified as shot, shell and ease shot. 

“Shot.—Solid shot is no longer used in modern eannons, the projectile called 
a shot being hollow with thick walls. It is principally used to perforate armor 
* and carries a small bursting charge. 

“Shell.—The shell is a hollow projectile with thinner walls than the pre¬ 
ceding. It is also provided with a large bursting charge. It is used to destroy 
persons or material. Pom-pom shell is another kind of shell. It derives its 
name from the report of its discharge. It is fired from the otie-pound(‘r Vick- 
ers-Maxim Automatic Gun. It is 1.4.57 inches in length, and weighs 16 
ounces. It explodes by percussion. This shell is used to kill and wound the 
enemy; hence, like the common .shell, it breaks into many fragments. 

“Case Shot.—This consists of a number of shot held together in a metal 
ease, which may be ruptured by the shock of discharge or by a bursting charge. 
The term canister or grape shot is applied to the latter. 

“The modern projectiles of the artillery are all cylindrical with an ogival 
head, except the canister, which has a flat head. 

“Canister.—In this projectile the metallic envelope is filled with small balls 
which are liberated by the shock of discharge. Canister is used at short range 
when the guns of a battery are in danger of capture. Each 3-inch canister 
contains 244 iron balls, % of an inch in diameter, weighing 30 to the pound, 
placed in a receptacle the shape of an elongated can. The canister has been 
entirely superseded by tbe modern shrapnel. ' * 

“Shrapnel.—The shrapnel is of special interest to surgeons because of its 
increasing importance in augmenting the casualty list of battles in modern 
wars. • The shrapnel is a projectile which carries a number of bullets at a dis-, 
tance from.the gun where they are discharged with added energy over a wide 
area from the point of bursting. It has become the principal projectile of all 
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modern field artillery. It forms 80 per cent, of the amimiiution supply of 
field suns. It is used against troops in masses and material as well (_1). 

‘‘It is used, also, iii mouutain and siege artillery, and in the smaller guns 
of sea coast fortifications to repel land attacks. In this shrapnel the case is 
a steel tube with a solid steel base. The weight of the 3-inch field giln s rap- 
nel complete is IT) pounds, lengtli 10 inches, muzzle velocity, 1,700 f. s. • The 
bursting charge is composed of 2% ounces of black powder placed in a cham¬ 
ber at the base. There is a stopper of gun cotton in the central tube to hold 
the powder in place and to assist in the explosion. There are 252 round balls, 
flattened on six faces, of .50 inch caliber, composed of lead. The balls are 
siirround’cd by a smoke-producing matrix, which is used to locate the point of 
bursting. This shrajinel is saiil to be a man killer at 0,500 yards. At the 
latter distance the shrapnel has a remaining velocity of 505 f. s. On bursting, 
an additional velocity of 300 f. s. is (ionferred on the lead bullets, making alto¬ 
gether a remaining velocity of 805 f. s. at 0,500 yards. The fuse can bo set 
to cause the projectile to explode at any one-fifth second of its flight. 

“The older shrapnels were made up of a east-iron ease and diai)hragm that 
.se])aratcd the balls. The case Avas constructed to invite rupture into a num¬ 
ber of fragments. The bursting charge was placed gcmerally in the head of 
the projectile. 


“The old-time shrapnel broke into a greater jinmher of fragments, but they ' 
were not always possessed with sufficient energy to inflict severe injury. The 
present shrapnel has the bursting charge locat(‘(l in its base*. It is made of a 
stout case, which remains intact at the time of bursting, except for the blow¬ 
ing out of the hefed” (2). 

Modern Artillery.—IModern field artillery is terribly effective, even at great 
ranges. Several varieties of projectiles arc in common use. Common shell is 
used against defences to break them down and render an assault more hopeful. 
Shrapnel is the most common form of projectile used against troops. The 
only smoke on the modern battlefield is made when these shells, filled with 
powder and leaden bullets, burst, thus enabling the artillerists to estimate the 
accuracy of their fire, or the want of it. In modern field operations, artillery 
plays an important part, and is used massed, and very freely, to render posi¬ 
tions untenable for infantry or to silence the artillery fire of the enemy while 
the infantry advance by short rushes. The rapidity of fire is such that a 
storm of shells can be brought to bear on a position. It is said that the modern 
French Canet field gun can be fired ten times a minute. At short ranges canis¬ 
ter was formerly used, but it has been superseded by shrapnel. 

Hand Grenades.—Hand grenades, though not fired from cannon, are shell 
filled with a bursting charge of powder. The effect of shrapnel and hand 
grenades is much the same. Wounds arc produced by fragments of the steel 
case and by the bullets. The wmmds made by the bullets themselves do not 
differ essentially from those made by rifle bullets of the old soft lead type fired 
at low velocity. Often the bullets will lodge. The wounds are, as a rule, 
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severe and frequently become infected. Their treatment needs no especial no¬ 
tice here. 

Nature of Wounds. Shell fragments, tlio case of shrapnel and hand 
grenades produce wounds of a very varied but commonly very serious charac¬ 
ter. They are contused and lacerated wounds often of large size, and to keep 
them from infection is very diificidt—nndci' the conditions of warfare praeti- 
cally impossible. It can be readily understood that a Hying, jagged mass of 
iron, besides producing a ragged wound surrounded by devitalized tissues, is 
apt to carry with it into the wound portions of clothing or whatever it may 
ehanco to pass throiigh before entering the body. It is one thing to seal asep- 
tically a mere puncture, sudi as the small 2 )oin 1 ed bullet makes, and quite an- 
othci to protect effectually an extensive contusc'd raw surface, d'hc wounds 
produced by shell fragments are otten multiple—in naval warfare, commonly 
so. Hence the conditions to bo met in their ti'eatment are far more compli¬ 
cated than is the case with wounds ju’oduccd by rilic bullets, in the worst 
cases, where the victim is struck by an mu'xploded sliell, or largo fragment, 
decapitation, discmbowelment, tbe loss of an entire lindi, etc., arc common in¬ 
juries, or the front of the chest or tbe abdominal wall may be torn away. The 
modern shell breaks into Imndrcds or f.bousands of fragments, and a hundred 
wounds have been observed in one individual. Some of tlu; fragments are 
minute, and the wounds produced may, tberfiforo, bo of any grade of severity, 
from a mere scratch to instant death. In wounds cbaraciterized by extensive 
loss of substance and contusion of the adjacent tissues shock is frexjuent and 
usually severe. In fact, many sbell wounds closely resemble the extensive, 
contused, and huieratcd com])ound fractmxis seen in civil life as the result of 
machinery accidents, dynamite explosions, and the like. 

Treatment.—The so-called “shell-wound first aid j)acket,” and the “Stokes’ 
shell wound dressing,” furnished to tbe navy, whidi contain a large ascidic 
absorbent dressing with a wire netting basis for supjmrt and immobilization, 
are better first aid dressings for this class of injury than the simple pad and 
bandage furnished to the infantry of the lino. 

Of all the local applications to wound surfaces, in the probably infected, 
contused, and lacerated wounds of civil life, nothing compares with tincture of 
iodin liberally swabbed into every crack, crevice, and corner of the raw surface. 
Its irritating effects are insignificauit and it is a really efficient disinfectant. 
It does not oven interfere with primary union when used on well-nourished 
tissue, such as the scalp and face. Any excess .should be wiped away. 

Since shell wounds are more or less cotitused, the bleeding from small ves¬ 
sels is usually not so severe as in incised wounds. If a largo vessel is cut, 
bleeding will be profuse and often fatal. I.arge shell wounds of the extremi¬ 
ties resemble railway crushes and matdiinery accidtmts. They will often re¬ 
quire amputation. If an attempt is made to save the limb, shredded and evi¬ 
dently dead tissues are cut away, all visible vessels ligated, and the wound 
cleaned as thoroughly as possible. Doubtful skin may usually be left for a 
44 
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line of demarcation to form. The after-care of these cases is that of infected 
wounds in general. 

See Chapter on the treatment of infected wounds, Volume I. 

In smaller shell wounds where suppuration persists, aseptic exploration is 
indicated for the removal of a shell fragment, a piece of cloth, or other foreign 
body, as well as for disinfection and drainage. The X-rays will detect the 
presence and location of a piece of metal, if such is present. As in similar 
injuries observed in civil life, the more grave shell wounds require, first, treat¬ 
ment for shock and bleeding. Abundance of water should bo introduced into 
the system by enema, subcutaneously, by the Murphy irrigation, or into a 
vein. Warmth, rest, immobilization, and the other common measures are used. 
These patients should not be transported while in shock, if it is possible to 
avoid it. No serious surgical procedure, except the control of bleeding, should 
be undertaken until the patient has emerged from shock. If he must be moved, 
the removal should be delayed, if possible, until he has reacted to some de¬ 
gree, the wound has been cleansed and dressed, and the limb or body immo¬ 
bilized. Too much stress cannot be laid upon the importance of such immo¬ 
bilization. One of the long bones may have been injured, but not completely 
fractured. If the entire extremity is immobilized, a complete fracture may bo 
avoided. Without such immobilization, transportation of the patient over 
rough roads will probably render the fracture complete. 


WOUNDS RECEIVED IN NAVAL WARFARE 

Conditions During Engagement.—^Whoever has gone over a modern battle¬ 
ship and kept his eyes even half open must have realized that in action the 
wounded, while the battle lasts, must of necessity receive but scant attention. 
To pass from one compartment of the ship to another may be a physical im¬ 
possibility. The crew are, of necessity, confined in coffers of massive steel, to 
open which might imperil the entire ship. To get from a turret magazine to 
the open air, even in time of peace, one must climb a vertical iron ladder per¬ 
haps 76 feet high, and thence pass through a small hole in the bottom of the 
turret and descend by an iron ladder to the deck. Communication through 
the bowels of the ship can only be carried on by the telephone, electric signals, 
or a speaking tube. At the time of going into action, the crew, in groups of 
varying size, are confined, each group in its own compartment, the steel doors 
are closed, and there the men must remain so long as the battle lasts. To open 
such a compartment during the action might place the entire ship in serious 
peril. Those working in the engine and fire rooms are fairly protected from 
gun fire, but not from torpedo attack, mines or internal explosions. A whole 
shell may, of course, drop to the bottom of the ship and burst; but this will be 
rare. The men in the several compartments are as effectually shut in from 
escape as though buried in a steel coffin underground. The superstructure and 
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secondary battei-y cannot be protected from the mighty shock of the heaviest 
of modern guns. One shell from a 14-inch gun, or even a much smaller one, 
exploding in one of these more lightly armored parts of a ship may kill every 
man in the compartment. Those not killed by Hying fragments may bo poi¬ 
soned by the fumes and gases of the powder ((X) and NOm), scalded to death 
by steam from broken pipes, or burned. The ship may be set on lire and the 
whole compartment turned into a scrap heap in a moment. Thus, in one of 
the battles of the Russian-.Iapancse War a shell entered the sick bay of one of 
the Russian ships and exploded. The surgeons and others who were there 
attending to the woumled were killed to a man, and the entire compartiacnt 
wrecked. For such reasons, at the present time no attempt will be made in 
battle to use the regular hosj)ital compartments.of the shi]i, which for hygienic 
reasons arc always Jibovc the water line. Everything will bo transjiortcd be¬ 
low the water line aiid behind the heaviest armor. In action laXween battle¬ 
ships in the daytime the secondary batteries will not he manned, since at the 
great ranges of the big guns the former would be ineffective, being only useful 
for repelling torpedo attack, and the like. Indeed, when a battleship goes into 
action, not more than six or eight men will be exposed outside the armor. 
These will bo the men in the to])s, one or two officers, and a few men whose 
business it is to determine the ranges and the effect of the fire. The extreme 
range of a 14-inch gnu is about 14 miles; at 8 or 9 miles it can be fired rapidly 
and accurately at a moving target. 

Just what the next naval battle between the dreadnaughts and the super- 
dreadnaugiits of to-day may be like no man knows, but that it will be terrible 
there can be no doubt. The action will probably not last more than twenty 
minutes or half an hour. It is now possible to fire even the largest guns with 
great rapidity, so tliat a perfect hail of monstrous projectiles will fall upon 
that ship which fails to get the range of its antagonist. 

Treatment During Engagements.—During an engagement then, the 
wounded, no matter how elaborate the preparations may be for their care at 
other times, must, for the most part, lie where they fall. Certain precautions, 
however, may be taken. First-aid dressings in abundance may bo distributed’ 
at vaVious stations, and the men may be made to bathe and put on clean cloth¬ 
ing before going into action. Suita of sterile underclothing should bo dis¬ 
tributed to the entire personnel of the ship, and outer clothing should be clean 
or as nearly so as possible, and the smallest amount of clothing should be worn. 
In hot climates, and in enclosed parts of the ship, the men fight, as a rule, as 
nearly naked as may bo. Plentiful supplies of cold drinking water should be 
placed in every compartment, and a bucket of boric acid with absorbent cotton 
for bathing the eyes irritated by powder gases. Such a bucket should be placed 
near each gun; also plenty of dressings, splints, iodin solution, adhesive strips, 
etc., should be close at hand, with a nurse or orderly to apply them. In the 
newest ships the effort has been made to provide stations, more or less pro¬ 
tected from fire, and accessible in a definite area to a certain proportion of the 
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ehip’s company during action. These stations may be of three kinds, or, 
rather, may be arranged in three groups. At least two stations, fore and aft, 
should be placed within the citadel, or beneath the water line, behind filled 
coal bunkers.. Here, necessary operations for the control of bleeding may be 
performed, and dressings may bo applied. These spaces may be quite large, 
and would offer protection to a large number of wounded. In each, both hot 
and cold water can bo had. Several secondary stations should be established 
in less protected positions, where first-aid dressings, tourniquets, etc., may be 
applied, and when it is necessary to man the secondary battery, dressings, 
water, boric acid solution should, as already stated, be kept in the vicinity of 
each gun. Provision must also be made for the temporary disposal of the dead, 
since the sight of their mangled bodies must be terribly depressing to the other 
members of the crew. Empty coal bunkers may be used for this purpose. 
Blood should bo cleared away at the earliest possible moment, since it soon 
putrefies and emits a horrible, cadaveric odor. When men can be moved 
within the ship to dressing stations, or to places of greater safety during action, 
it has been found that one or two men, without any apparatus, can carry a 
wounded companion through the narrow spaces on shipboard better than in 
any other way. If a wounded member of the crew is to bo carried by one com¬ 
panion, he may take him on his back; if by two, they may make a chair with 
their arms and hands. The battle over, the severely wounded must be trans¬ 
ported to hospital ships at once. 

Nature of Wounds Received.—In naval warfare, expeditions are often sent 
ashore in boats for special duty. Under such circumstances they fight with 
rifles, and may bo wounded by rifle fire or field artillery. These wounds will 
bo the same as are observed in land warfare. 

In fights at sea, the wounds will nearly all bo caused by shell fire, and by 
the secondary missiles which exploding shells create from the structure of the 
ship itself. 

From the size and terrific force of the projectiles and the havoc created 
when.they penetrate and explode within the ship’s structure, it will follow that 
‘many of the injured will bo killed outright, burned to death, smothered, torn 
to pieces, decapitated, cut in two, have their limbs amputated. In fact, whole 
groups of men are often annihilated in an instant by a single shell of even 
moderate size. The victory will bo gained by the ship that in the shortest time 
pours the heaviest fire into the enemy, and the conquered vessel may bo literally 
tom to pieces in a few minutes, soon after her victorious adversary gets the 
range. 

The wounds of tho injured who survive will usually be multiple. They 
will all be contused and lacerated wounds. Moreover, the heat from impact 
and from the burning charge of powder makes the fragments nearly red-hot, 
so that the tissues are seared and devitalized. The burning powder may also 
inflict serious or fatal burns of the skin, and if, as sometimes happens, a quan¬ 
tity of ammunition is lying near by and is exploded, all the men in a com- 
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partment may be burned to death; in fact, these burns are among the most 
frequent and painful injuries received in modern naval engagements. An 
unexplodcd shell of large size may destroy the human body, or cut off the head 
or a limb. 

Amputations.—If a limb is cut off, the stump may be fairly smooth. The 
far side of the stump may be filled with bone dust, and the skin and muscles 
shredded, contused and torn, but if the missile was moving at high velocity, 
the bone will be cut quite cleanly, without much splintering. If the shell was 
moving slowly, the splintering of bone will be more marked, and the contusion 
and laceration of the soft parts move widespread. If extensive, rcamputation 
will be required, bxit not necessarily a formal amputation at once. These 
cases resemble closely the accident cases seen almost daily in large metropoli¬ 
tan hospitals: machinery accidents, crushes of limbs from locomotives and 
trolley cars, elevator accidents, and the other numerous forms of violence 
which take their toll of human life among the dwellers in a great city. A long 
experience with such cases teaches that it is well in the first instance to proceed 
as follows: 

First, wrap the body in heated blankets. 

Second, stop bleeding by ligation of bleeding points at once. 

Third, treat shock by intravenous saline infusion, .9 of 1 per cent, in strength, at 
a temperature in the hand irrigator of IIS degrees F., using any convenient, sub¬ 
cutaneous vein, the median basilic vein in the bend of the elbow, for ehoice. In 
amount, the infusion may bo from 1,000 to 2,000 e. c., or it may be continued until 
the volume of the pulse is plainly increased and its frequency diminished. If 3,000 
c. c. is given, because less produces no improvement, the patient will die. 

Ilypodermoclysis is simpler and efficient. 

At the same time, a hot, stimulating enema is given, which consists of 


Extract of coffee. 3ii 

Tincture of digitalis. 

Whiskey . 

Hot water. 


We also administer beneath the skin sulphate of strychnin, 1/30 grain. , 
This may bo repeated once. Morphin sulphate is also useful in the dose of 
about one-third of a grain and atropin sulphate up to about 1/.50 grain. Cam¬ 
phor dissolved in sterile olive oil is a useful subcutaneous stimulant. The 
wound may be washed and disinfected as elsewhere described, and dead tissues 
cut away. A large dressing of loosely shaken gauze is applied firmly to the 
raw surface of the stump, and a large sterile dressing over that. A splint of 
wood, wire netting, or moulded plaster-of-Paris, according to the site of the 
injury, secures immobilization. These various measures should be carried out 
as rapidly as may be, and the patient placed in a bed previously warmed. The 
foot of the bed should be elevated, and in an hour or two a Murphy irrigation 
started. The question of further operative treatment must be decided accord¬ 
ing to the conditions of the particular case. Certainly nothing should be done 
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until the patient has entirely reacted from shock; ^To perform a serious ampu¬ 
tation upon a man in a state of profound depression from a recent injury is fo 
kill him without fail. Every means should be used to refill the depleted circu¬ 
lation. If a donor offers, blood transfusion may save a life. Failing this 
method, water must take its place, and the Murphy drop method is usually 
the most efficient means to this end. Strychnin and other heart stimulants 
may be given at intervals as long as the patient remains depressed, and hot 
liquid food should be given in small and often repeated doses as soon as the 
stomach will retain it. The nature of the operation to be done must be decided 
by the surgeon after the patient has entirely emerged from shock. Since these 
wounds are always infected, the character of the infection and the severity of 
the septic and sapremic symptoms must be taken into account, as well as the 
position and character of the wound. Sometimes the surgeon may wait with 
advantage until the wound has cleaned up and commenced to granulate. In 
other cases, a spreading infection, with severe symptoms of intoxication or the 
presence of a cadaveric odor from the wound, will demand early interference. 
This may be in the nature of wide multiple incisions, or amputation above 
the infected area, if this be possible, leaving the stump sufficiently open for 
the freest drainage. No fixed rules can be formulated for the character of the 
amputation. It will often be atypical and devised to save the greatest amount 
of tissue and secure the most useful stump. As elsewhere stated, conservatism 
is most important in the upper extremity, less so in the lower. 

Shock.—Some additional remarks in regard to shock as observed in naval 
engagements are here added. In the care of the injured, shock will often be 
the all-important condition to combat. The effect upon the nervous system of 
the men, of the awful din, the jar and vibration, the intense nervous strain, 
the smoke and the stifling fumes from the guns and bursting shells, the cries of 
the burned and wounded men, and, in fact, every horror of a positive inferno, 
with much in addition never dreamed of by any mediaival imaginer of Hell, 
is terribly demoralizing, and yet the effects upon the wounded vary much with • 
the temperament of the individual. If the ship is punishing the enemy while 
she herself is suffering less, the intense elation of spirit may enable a man to 
receive the gravest hurt and yet show few symptoms of shock for hours; in 
other cSipes, the wounded become delirious; in others, even the bravest are over¬ 
come by uncontrollable fear, and are rendered weak and horror-stricken to a 
pitiable degree. 

Care on Board Battleship.—It is the aim of the hospital ship to remove and 
care for all who are seriously hurt as soon as the battle is over. In the mean¬ 
time the ship’s surgeon may do much to relieve suffering and aid the wounded. 
If the operating room and sick bay are not destroyed, they are, of course, in¬ 
valuable after the action is over; but placed, as they are,, in less heavily 
armored parts of the ship, they must often be destroyed. It has been sug¬ 
gested that on shipboard local anesthesia and spinal anesthesia should, as far 
as possible, take the place of chloroform, and this on several grounds: namely. 
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a smaller number of assistants is required in operatifig; patients 4o not ^eed 
so much after-care and attention, and they may be able to walk and care for 
themselves at once. I am not an advocate of local anesthesia for serious sur¬ 
gical procedures, and in my experience it often requires not one, but several 
persons, to hold down the wretched patient. Under such circumstances, good 
surgery is difficult, or impossible. Spinal anesthesia is only applicable in a 
restricted way to operative work, and is at best a dangerous substitute for 
chloroform. It has not been used in the New York Hospital for a number of 
years. . 

Transportation of Wounded.—For transferring the wounded to launches, 
hospital ships, etc., special stretchers of many kinds have been devised in¬ 
tended to protect the wounded from falling while being transjiortcd and from 
the movement of injured limbs. The best is probably that of Stokes. They 
consist of a light steel frame, with a covering of wire netting. In tlii.s, tho 
patient, however badly wounded, can easily be immobilized, and can be slung 
by a rope and hoisted or lowered from the vessel without danger of falling out, 
no matter in what position the stretcher may be. Stokes has devised an ap¬ 
paratus whereby the wounded in the stretchers may bo transferred from ship 
to ship by trolley. These stretchers arc kept in numbers in tho U. S. battle¬ 
ships. Tiny are readily nested, and occupy but little space. 

Treatment.—When heavy shells burst, the fragments are numerous and of 
various sizes, some large, some! small. Of the larger fragments, some will be 
large enough to inflict frightful mutilation, a detailed description of which is 
scarcely possible. Tf not immediately fatal, the wounds produced, whether 
the fragments are large or .small, have certain characters iji common. Many 
are wounds wdtli loss of .substance. The velocity of the fragments is not very 
great, and hence they often lodge. The wound of entrance is often smaller 
than the size of the fragment. The walls of the cavity in which tho fragment 
lies are devitalized. The depth to which such necrotic tissue extends is varia- 
.ble and often extensive. Its limits cannot he determined from early inspec¬ 
tion. Fractures may or may not exist. Hair, clothing, dirt and other foreign 
bodies are often carried into the depths of the wound. When wounds, with 
loss of substance, arc made by large fragments, they arc often terrible injuries. 
A lai’ge part of the abdominal wall may he carried away, and the vi.sccra tom 
and contused. The loss of a large part of tho chest wall is another fatal in¬ 
jury. The outer wall of the orbit may he torn away, leaving the eyeball ex¬ 
posed. The lower half of tho face, including the lower jaw, may bo shot 
away, leaving a hideous mutilation, or a portion of the skull may be carried 
away, leaving the brain exj)Osed. There is, indeed, no end to the possible 
variety of the.se mutilating injuries. 

In all blind wounds, the indications are to remove shell fragments and all 
other foreign bodies, through a suitable incision, to clean and disinfect the 
walls of the wound cavity, to stop bleeding and to establish the freest possible 
drainage. Such wounds should not, as a rule, be sutured; yet in certain 
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regions, the, face and scalp, for example, the wound edges may be drawn partly 
together, and, even in less vascular regions, a suture or two, here and there, 
may be used to support the tissues. Such wounds should bo packed with sterile 
gauze, or, if evidently infected or widely necrotic, they may be packed with 
gauze, soaked in Chlumsky’s solution. Voluminous absorbent dressings are 
required, and such dressings require frequent renewal. If the wound be of an 
extremity, some form of supporting and immobilizing splint is necessary, and 
the entire limb should be immobilized. I’lio subsequent treatment will depend 
ppon the character and severity of the infection, and upon the extent of slough¬ 
ing of the skin and deeper structures. Drainage must be of the freest descrip-^ 
tion. Pocketing, burrowing, and tension must be relieved by free cuts, and the 
case must bo most carefully watched for such insidious complications. 

When such wounds have cleaned up, skin grafting by Thiersch’s method 
greatly hastens healing, and diminishes s(!ar tissue formation, deformity, and 
loss of function. Concerning the treatment of shell wounds of special regions, 
the principles of their treatment are those already briefly described. They are 
all lacerated aud almost invariably infected wounds. 

Injury to the Ear.—Rupture of the tympanic membrane is a frequent ac¬ 
cident. It is caused by the sudden blast of air from exploding’ shells and the 
gun fire of the ship itself. In addition, a permanent gun deafness occurs in cer¬ 
tain cases from repeated shocks to the auditory nerve. Prevention is, therefore, 
all-important. The shocks can be made less dangerous by various devices. Ordi¬ 
narily the ears may be plugged with cotton wool. A more cfHcient device now 
in use in the United States Navy is that of Elliott. It consists of a small tube 
with rubber washers of a size suitable to fit the external auditory canal. The 
tube is perforated by a minute canal, sufficiently large for hearing purposes, 
but small enough to protect against the sudden increase of atmospheric pres¬ 
sure. The men may wear rubber-soled shoes, and are advised to stand on tip¬ 
toe at the moment of gun fire. Rupture of the tympanum is, nevertheless, a 
very frequent accident. The men, not realizing the danger, think it unmanly 
to use precautions and suffer in consequence. The accident is, however, only 
serious when it becomes infected. Th(x)rctically, before going into action, the 
men should have their ears washed clean with warm boric-acid solution, and the 
ears plugged with sterile cotton wool. Their prejudice against plugging of the 
ears is quite natural, since it is all-important that they should hear and answer 
instantly to the word of command, and this is hard enough to do under the con¬ 
ditions, even with perfect hearing. 
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THE TREATMENT OF WOUNDS AND THEIR DISEASES 
JaMKS M. lllTZKOT. 

Ihe effect of iiiceliaiiieal violence is to produce! sonic form of injury to the 
ssuea it acts upon. Depending' upon tlie nature and force of this violence and 
f the presence of various (ilicmicals, of a specific virus, or of bacteria, the 
langes which occur reipiire variable forms of treatment. 

lo facilitate the description of the treatment to he used, a classihcatioii is 
jpended merely to serve! as a weerking basis feer discussion. 

ihe constitutional effects eif injury, sbe)e!k, eeollapsc, and synceipe aro treated 
sewhere in this work, and will only be spoken of here when mention of the 
eatment would otherwise be inceunplcte. 

The classificatiem eif wounds is as follows: 

1. Subcutaneous wounds (contusions). 

2. Open wounds. 

(a) Abrasions. 

(b) Incised w'ounds: Linear and punctured. 

(c) Contused and lacerated wounds. 

3. Gunshot wounds (for descriptiem of treatment, s <!0 Veil. I, (3iap. XV). 
The open wounds may be: 

1. Penetrating. 

2. Perforating. 

3. Poisoned or infected. 

A. Non-hactcrial, i. e., those in which the resulting symptoms aro due to: 

1. A definite chemical poison. 

a. Insect bites and stings. 

b. Bites of reptiles. 

c. Poisoned weapons. 

2. A specific virus. 

a. Hydrophobia. 

b. Vaccination. 

B. Due to bacterial invasion, i. c., the infectious wound diseases. 

1. Group of the ordinary wound infections in which the infection in 
the wound may cause: 
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a. Abscess formation (infected wound). 

b. Lymphangitis or lymphadenitis. 

c. Cellulitis (including erysipelas). 

d. Varying types of blood infection (bactericmia) and the metastatic 

infections (pyemia). 

2. ‘ Putrefactive infections. 

3. Group of .wound infections due to specific micro-organisms. 

(a) Tetanus. 

(b) Wound diphtheria. 

(c) Anthrax. 

(d) Glanders. 

(e) Tuberqulosis, 

(f) Syphilis. 

(g) Actinomycosis. 

(h) Blastomycosis. 


SUBCUTANEOUS WOUNDS (CONTUSIONS) 

The effect of blunt violence which does not break the skin is to injure the 
skin and underlying structures. The extent, force, and location of the violence 
will determine the result. 

For injuries to the head, see Vol. II, Chaps. IX and X; to the chest, see 
Vol. Ill, Chap. XI; to the abdomen, see Vol. HI; to the eye, see Vol. Ill, 
Chap. I; to the nerves and blood-vessels, see Vol. T, Chapa. VIII and XIII; 
to- the bones, see Vol. II, Chap. V. These will not be considered here. 

In general, the result of such blunt violence on the tissues is to produce 
capillary hemorrhage and an exudative reaction in the tissiies far beyond the 
injury. This hemorrhage and the exudative reaction are best treated by cold 
applications, preferably by an ice-bag placed upon a few thicknesses of moist 
gauze. The sooner this cold is applied, the less marked will be the tissue reac¬ 
tion. The cold applications should be applied from 12 to 24 hours, depending 
upon the degree of reaction to be anticipated, and applied over an area at least 
3 times the size of the contusion. Care should be taken not to have the cold too 
intense, as otherwise the skin may undergo a dry gangrene. To prevent this 
latter complication, it is wise to move the bag every few minutes, so that its 
action is widespread without being too definitely localized. 

In places where it is applicable (joints, extremities), a tight bandage pos¬ 
sessing some elasticity will aid in preventing the exudate. Elevation of the 
part will also help. 

As soon as the exudative reaction has ceased, hot moist applications should 
be . used, followed by massage to help carry off the extravasated blood and the 
exudate. 

Should a hematoma form, which cannot be dissipated by the above method, 
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it should be opened under strict aseptic precautions and the blood washed out 
with saline solution, the cavity dried, and the wound closed by suture. A tight 
bandage is then applied, to bring the walls of the cavity in close contact. As¬ 
piration and small punctures of such hematoma, with or without drainage, are 
more likely to become infected than is the case in the above-mentioned method, 
and for that reason are not recommended. 


OPEN WOUNDS 

Abrasions. Abrasions may consist in small areas in which the superficial 
layers of the skin arc scraped off, or in more or less extensive skin abrasions 
into which are ground cinders, stone, sand, and other forms of grit and dirt. 
The former should be painted with iodin and covered with a sterile dressing 
until a scab forms, after which simple protection is all that is essential. In 
the latter, the area should be painted with tincture of iodin and the grit, etc., 
removed by scrubbing it with a scrubbing brush and alcohol, after which it may 
be dressed with alcohol to hasten scab formation. After tlio scab has fully 
formed, the area may then be covered by some bland grease (Liq. Petrolatum 
U. S. P.). 

Should suppuration occur under the scabs, moist dressings of warm saline 
solution will hasten the healing process. 

Incised Wounds.— IiINEAR wounds. —Linear wounds comprise a number of 
wounds of varying depth, frpm those which merely pass through the skin to 
deep wounds to the bone, which sever all the intermediate soft parts and ffe- 
quently cut off a fragment of bone or actually pass through it, and, in the sm^ll 
extremities, sometimes actually sever it from the patient. 

First Aid. —For the simple wounds a clean dressing, with or without 
tincture of iodin painted over the injured area, will suffice until the more com¬ 
plete treatment can be carried out. 

In the larger incised wounds the first essential is to control the bleeding, 
which is free and rapid. The hemorrhage may be controlled by elevation in 
the extremities, by a tourniquet, by digital compression, or, where these do not 
avail, by hemostats. After the hemorrhage is temporarily arrested, the skin 
area may be painted with iodin and Covered by sterile dressing, or a sterile 
dressing may be firmly bound over the wound to protect it. 

Latkb Treatment. —In any case, the interference under improper sur¬ 
roundings should only be sufficient to protect the wound until the patient can 
be brought into surroundings suitable for proper treatment. When the patient 
has been brought into suitable surroundings, all hair should be removed by 
shaving. Grease should be removed by wiping with gasoline, then with a mix¬ 
ture of alcohol and ether. When the skin is dry, it should again be painted 
with the tincture of iodin. 

In small cuts the skin may be drawn together by strips of chiffon painted 
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over with collodion or sutured by a’fine ncedlo and horsehair suture, and suit¬ 
ably dressed to protect the suture line by a sterile pad. 

In the more Oxtensivo,lesions the patient should be anesthetized (local or 
general, as the case may indicate), the wound washed with sterile salt solution, 
all bleeding points caught and tied, and all severed structures appropriately 
sutured so that the normal anatomical conditions arc repi’oduced. The skin, 
etc., is then closed in layers with fine horsehair for the skin, and the wound is 
dressed with sterile dressings, etc. If ideal conditions can be carried out, 
drainage is unnecessary unless the wounds involve the trachea, esophagus, or 
rectum, and repair will proceed as in an operative wound. 

Irrigation of the wound by any form of chemical antiseptic is to bo con¬ 
demned. Should the operator doubt the wisdom of immediate closure, the 
wound had better be left wide open and closed after reaction has .set in, rather 
than to resort to doubtful attempts at chomical sterilization, which arc more 
apt to injure the tissues than to kill any germs Avbic.h may be present. 

Should infection occur, the wound should be widely opened, dressed with 
saline solution, and kept wet. (For further details, sec Infectious Wound Dis¬ 
eases.) 

PUNCTURED WOUNDS.— runctured wounds cnmpi'ise a group of wounds in 
which the skin opening gives no idea of the depth of the wound. J'unctvires 
are produced by a largo variety of implements and vary extensively in their 
character, for example, pin pricks, nail Avoiinds, stab wounds, wounds by 
spicules of glass, iron, etc., ptmetured Avounds by insects, reptiles, various forms 
of animal bites, etc., all of which may be found-in this group, irndoubtcdly 
a large nuihbcr of the minor puncture wounds nev'cr recpiin; surgical treatment, 
but a sufficient numlx'r result in infectious of varying extent to make it wise to 
take precautions in all. Infections, from these small pricks Avill decrease in 
number if the area involved is painted Avith tincture of iodin and temporarily 
protected by an alcohol dressing. All other puncture Avounds should bo con¬ 
verted into incised wounds and explored throughout. Under the proper surgi¬ 
cal precautions, they may then be cleansed with salt solution, any foreign ma¬ 
terial removed, the nerves sutured, blood-vessels sutured or ligated, and the 
wounds closed with capillary drainage by a few strands of silkworm-gut intro¬ 
duced to the bottom of the wound. Wounds of the feet and where infection 
seems inevitable may be left open and drained by a small piece of rubber or 
rubber tissue. After 24 hours the drainage may be removed and the wound will 
heal like an incised wound. Infection is a rare exception in the cases thus 
treated. 

Punctured wounds which involve the joints and tendon sheaths should be 
opened and treated as above, except that the wounds in these cases should bo 
closed with drainage down to but not into the tendon sheath or joint. 

Punctured wounds of the head, chest, abdomen, and any other regions are 
treated elsewhere in this book and are not considered here. 

Probing and cauterization by strong chemicals can only do harm, and a 
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drain shoved into a wound of tlic character descrilwd, through the small aperture 
in the skin, can do little but act as an irritant plug. The ex.ccption3 to the 
statement regarding cauterization will bo found under the punctures produced 
by snakes, poisoned weapons, dog bites, etc. 

Contused and Lacerated Wounds.—('ontusod and lacerated wounds are the 
result of blunt mecbanical violence which bruises, tears, crushes, lacerates, or 
actually pulpities the tissue. Kxtrcinities may be crushed or torn olT, fingers 
or arms avulsed. The lesions vary extensively in type from .small jagged tears, 
such as saw cuts, to those horrible injuries in wbich the body is actually cut 
asunder. ' 

Among the injuries of this variety are found railroad accidents, injuries by 
vehicles and machinery, the injuries by building mati-rials and explosives—in 
fact, the vast majority of tin* injuries of industrial life. Tbe injuries may like¬ 
wise be multiple and comprise injuries to the head, chest, abdomen, and ex¬ 
tremities in a great variety of combination.s. 

The essential features in tbe treatment of such a complex group are: (1) 
The treatment of hemorrhage; ('J) the combating of the shock; and (6) the 
prevention of infection. The remaining stc'ps in the treatment comprise prac¬ 
tically all of the surgical methods of traumatic and j)laHtic surgery. 

The treatment of the hemorrhagt! is placed first because in traumatic ampu¬ 
tations and avulsions its rapidity and volume are especially dangerous. A 
tourniquet should be placed above the injury to compress the vessels. A 
hypodermic injection of morphin should them be given; the patient should bo 
covered by blankets or other warm cov(‘ring, ami surrounded by hot-water bags 
or bottles, hot stones or bricks, in fact, anything hot which is available; and 
the wound should be cov(“rcil by a sterile or cleati dressing. If any hot tap 
water, cotfee, or tea is available, a (juart of it may slowly be intr«)duced into the 
rectum through a funnel, catheter, rectal tube, or anything at hand wbich can 
bo inserted into the n'cdum to permit of the introduction of the above fluids. 

The patient is then transported, with the head lower than the hips, to a 
location suitable for the further treatment and the shock combated by intrave¬ 
nous saline infusion, hypodcrtnoclysis, and hot rectal irrigation, as the condition 
demands. As soon as the patient reacts,, further treatment, amputation, etc., 
may be proceeded with. Tn cases which show a slow reaction from the shock of 
the injury, the better procedure is to coat the injured area with the tincture of 
iodin, rapidly ligate the bleeding vessels, and postpone any further operative 
treatment until the following day. 

In the less severe lacerations, the wound is cleaned with iodin, the skin 
shaved, all foreign material removed by picking it out or cutting away the 
tissues which it involves with a flat curved scissors. The wound is then thor¬ 
oughly washed with saline solution, ragged, devitalized tissues are cut away, 
and the wound dressed wide open in copious, moist saline dressings and kept 
wet. Continuous saline irrigation or saline bath may also be used to advanta^. 

in certain casesi 
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In those lacerated wounds into which so much sand, lime, or grit is ground 
that its removal would cause too much tissue destruction, 4 or 5 drams of a 
mixture of iodin, 1; kali iodid, 2; guaiacol, 5; glycerin to 100, may be poured 
into the wound to increase the tissue reaction and prevent putrefaction. 

When the wound becomes a granulating one, it may. be closed by secondary 
suture, drawn together by adhesive plaster, covered by skin grafts, or allowed 
to granulate as the case may demand. 

Small lacerated and contused wounds, especially those about the head and 
face, may be cleaned and loosely sutured. Especial care must be taken in the 
tying" of these sutures not to tie them too tightly, since strangulation of the 
tissue will result. 

Should any of the above' wounds become infected, they should be treated as 
infected wounds (see below). 

POISONED AND INFECTED WOUNDS 

Non-Bactebiai. Wounds 

Wounds in Which the Resulting Symptoms Are Rue to a Reflnite Chemical 

Poison.—In one group of these wounds the resulting symptoins are referable 
to the action of a definite chemical substance, and the treatment to be instituted 
is to combat the action of these poisons by neutralizing or destroying them 
locally, and by such constitutional measures as are suitable to bolster up the 
patient xintil the crisis is passed. 

INSECT BITES AND STINGS. - TlIK JUTE OP THE mosquito, fly, tick, bed¬ 

bug, ETC., may convey certain special diseases as malaria, yellow fever, try¬ 
panosomiasis, etc., the treatment of which belongs to works on general medicine. 

The resulting local reaction (itching, swelling, etc.) may be treated by the 
use of alkaline solutions, such as sodium bicarbonate and carbonate, dilute 
ammonia, aromatic ammonia, saturated permanganate of potash solutions, etc. 
On the face and about the lips and eyes the application of cold compresses of 
these solutions, especially the bicarbonate of soda, may aid in restricting the 
excessive swelling which is so apt to occur. 

, In old neglected wounds and ulcers, eggs may be deposited by flies and 
hatch into the larv® (maggots) which permeate the wound in all directions. 
These may be removed by irrigation with dilute iodin, formalin, carbolic acid, 
or mercury oxycyanid solutions, and dressed with wet dressings of 1:100 per¬ 
manganate solutions. 

Should the bites of these insects become infected, they are treated as de¬ 
scribed under infected wounds (sec below). 

The Stings of Bees, Wasps, and Hornets (the IIymenopteka). —The 
local reaction of the stings of these insects is due to an acid which may be 
neutralized by dilute alkaline solutions. In emergencies, a moist poultice of 
ibud or clay may be very effectual. 
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In bee stings, the barbed sting is usually loft behind in tho wound and 
should be removed. In severe eases with multiple stings, morphin and strychnin 
should he injeeted, and hot saline irrigations of the rwtinii given to combat tho 
constitutional symptoms which may oeeiir. 

If tho punctures become infected, they are treated ns infected wounds (soo 
below). 

SiuuKKs, TAit.vNTiri.As, cKNricKUKs, AND sooiMMON.s pi’oduee l(X*al and gen¬ 
eral symptoms of varying intensity. 'I'lic treatment should he constriction of 
the limb above the .sting, fr<*«‘ incision in the wound, and tlu! application of 
permanganate crystals or strong ammonia to tlu* wound. 

Should constitutional symptoms occur, these should h(? treated by appro¬ 
priate stimulation. Should infection or gangrene •occur, these are treated by 
the measures detailed el.sewherc. 

SNAKE BITES —'(''],(» first essential is to determine whether the bite is that 
of a poisonous or a harmless snake. 

If this is not possible from the ])atieMt, tlie <-liaraeter of the wound produced (i. e., the 
double uniform row of tooth marks in harmless snakes and the faiiK marks, doiddo on 
each side in vipers, siiifjle on each side in the eoltra, with or without tooth murks) will 
aid in determining the character of the treatment to he instituted. 

The psychical symptoms in bites of harmh'ss snakes are he.st treated by 
morphin injection and a local dressing of alcohol. Whc‘n the patient awakes 
to find himself in the land of the living he will usually believe that recovery is 
possible and a cure may he c-xpected. 

Locai, ]\Ii:Asi ifi:s. —For the; bites of poisonous snakes, energetic local and 
constitutional treatment must he instittited j^romptly. Local treatment after 
the first half hour is probably U8ele.sa. A tourniffuet should be placed above 
the site of the bite, i. e., on the proximal side, to prevent the ahsorjdion of tho 
venom. The fang wounds should he opened widely and tho venom cupped or 
sucked out. 

Pure crystals of permanganate should he rubbed into tho wound and a solu¬ 
tion 1:100 of permanganate .should he injeeted into the tissues alumt the wound 
(Mitchell) ; or 1: (>0 solution of calcium ehlorid ((’almette) ; or 1 : 100 solution 
of chromic acid (Kauffman) injected into and about the wound. If these can¬ 
not be obtained, the wound may he cauterized by hot coals, red hot iron, a knife 
blade, pipe, bar, fuming nitric acid, etc. l^fason suggests bandaging tho limb 
from both extremities toward the wound, to squeeze out the venom. 

Constitutional Trkatmkn i'. —Whiskey, brandy, etc., may be given by 
mouth in repeated small doses. Hot coffee and tea should be given by mouth 
and rectum; 10 to 20 drops of dilute ammonia or aromatic ammonia may bo 
injected intravenously. 

Free lavage of the stomach should be practiced with dilute permanganate 
solutions to wash out the venom excreted into it and free catharsis may be 
resorted to in the more chronic cases. 
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Artificial respiration should be resorted to, and a pulmotor used, if avail¬ 
able, for’a long period. 

Noguchi (15) states that antivenene.should be used if obtainable, biit that 
the success of treatment by this method recpiires an antivenene of greater po¬ 
tency than now exists. 

WOUNDS DUE TO POISONED WEAPONS. —(See JohnSon’s Surgical Diag¬ 
nosis (8) for varieties.) While the wound produced may be relatively insig¬ 
nificant, it is usually sufficient for the introduction of the alkaloidal poison 
with which the arrow or spear has been coated. 

Treatment, to avail, must be prompt. The limb should be constricted above 
the wound, the wound freely incised, and tho poison removed by sucking or 
cupping the wound. The Wound should bo irrigated with permanganate of 
potash solutions or pure crystals of that salt may be rubbed into the wound. 
The remainder of tho treatment is symptomatic and is directed toward counter¬ 
acting tho symptoms as they arise. 

Wounds in Which the Besulting Symptoms Are the Besult of the Action of a 
Speciflo Virus.— vaccination. —The wound resulting from vaccination pro¬ 
duced as a prophylactic against smallpox needs no treatment unless the local 
reaction is unusually marked, in which case moist dressings of saline solu¬ 
tion, aluminum acetate, etc., may relieve the coincident pain. 

HYDROPHOBIA. —Tho main wo\xnd disease of this group is hydrophobia. 
The essential feature in the treatment of this condition is the determination 
whether tho animal which produced the wound has rabies or not. Rabies is 
not a common disease, and many of the so-called mad dogs arc sick from other 
diseases. In the dog, at least, the symptoms are characteristic, if observed 
without undue hysteria. 

Since rabies most commonly results from tho bite of a rabid dog, the treat¬ 
ment of the bite of a suspected dog may be used as descriptive of the type. 

In general, the wound or wounds should ho opened widely and cauterized 
by fuming nitric acid, carbolic acid, iodin, or the actual cautery in the sus¬ 
pected cases and left wide open. Rambaud suggests mercuric chlorid 
(1:1000) as the best antiseptic. 

Tho animal should either be killed and sent to a reliable pathologist for 
examination, or kept under observation in an enclosed kennel, if the former is 
not available, and observed by a competent veterinary to determine whether it 
has rabies or not. 

Meanwhile the patient should, in cases in which any doubt exists or in 
which rabies was undoubtedly present in the animal, undergo tho Pasteur 
treatment. 

The Pasteur treatment consists in the injection of an attenuated virus of 
fixed strength, made from the spinal cord of rabbits dying of rabies, in gradu¬ 
ally increasing doses, anc! extends over a period of 2 to 3 weeks. The theory 
is that this immunizes the individual against the disease. For the treatment 
the patient may be sent to the nearest Pasteur Institute or the set of vials re- 
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quired for the treatment may he ohtaineil from a reliable linn producing the 
fixed virus for the treatment. 


To be of viihio the Pasteur treatment slioubl Ix' boijun before the syniptoma of rabies 
ai)i)car. When these are iiii<loui)tei1l,v lu'eseiit. treatment avails little, ami i.s, ns n rule, 
syinptomatie. The patient sbonbl In' jdaet'il in a darkened room and kept absolutely 
quiet; inorpbiu and ebloroform should be used freely from the start, and Ibo patient 
should be foreibly restrained. 

Care .should In* taken to destroy all elothinp:. sheets, jeauzo, ete., wbieb have como in 
contaet with the patient, by burning' them. 


Tni-: T.m'i.( TI()I s Wot .\i) Oisi^asks 

Tlio infoetious wound diseases are those' in wliieli the resulting symptoms 
arc due to the enlranee of haeteria into llie wound and tlieir growtli tlnwc, with 
(1) tin' dissemination of the miero-organisnis from the portal t»f entrance hy 
way of the lyinidiaties; or ( l! ) tlie dissemination of a toxin with manifesta¬ 
tions at a distance (tetanus, diphtlieria ) ; or ('•'>) (lie ])rodnetion hy the micro¬ 
organisms of changes in tlie tissue kmjwn as pntrefaetion, in wliieh <aiso the 
resulting synijdoms are (hie to the ahsorjition of the ^irodnets of this putrefac¬ 
tion. 

The general principles id' any treatment for such infections are based upon 
the fact that tlu' tissue react ion is in.siillieient, to overcome the infection. In 
general the treatment should, tlu'ii, hi' such that a fn-e exit for the toxic 
products of the bacterial growth is jirox ided ( free incision) ; tin' local tissue re¬ 
action should !)(' increased hy hot moist dressings or enpjiing (active and passive 
hyperemia) ; the dissi'inination of the micro-organisms or their toxins should ho 
prcv(*nted by increasing' the constitutional resistance, by the regulation of inter- 
current conditions, etc*.: and. when it ('xists, the s[)eci(ic antitoxin should bo 
given to combat the action of the toxic products ol’ the bacteria. 

The tyjie of the infection in a wound determines its treatment. On page 
G81 is given a classification to form a working basis for trc'atment. 

Ordinary Wound Infections.— wounds inkkctkd tiv tuk oifDlNAUY PYO¬ 
GENIC BACTKliJA. Should a wound hecome inlected, it should be freely 
opened, rubber dam or .split rubber tubes inserted for drainag(g and the wound 
dressed with saline solution and kept wet. A hot water bag may be placed 
against the dressing to keep it hot or a constant drip of hot saline solution may 
be allowed to fall oti the dresj-ing. Jf the wound is in an extremity, the extrem¬ 
ity may be placed in a warm saline bath. When the acaite necrotic process has 
subsided and the discharge begins to decrease, the wound may be dressed on 
alternate days with balsam of Pewu and a solution of iodin, 1; kali iodid, 2; 
guaiacol, .'5; glycerin, to 100, to stimulate the granulations. When the wound 
becomes healthy, it may bo strappcal or dressed dry. 

LYMPHANGITIS.—Lymphangitis should be treated by a moist dressing, 
preferably of salt solution or aluminum acetate, and the part elevated. An ice- 
45 
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bag should be placed over the lymph glands which drain the infected area. 
Should suppuration occur along the course of the lymphatics (suppurative 
thrombolymphangitis), the foci of suppuration should be freely opened and 
drained and dressed as in the suppurating wounds. 

LYMPHADENITIS. —Should the lymph glands become swollen an^ tender, 
they should be treated for the first 24 to 48 hours by an ice-bag, and after that 
by a hot water bag on top of moist dressing. Should the inflammation extend 
beyond the gland or the gland suppurate, it should be incised and drained and 
dressed, as in simple infected wounds. 

The complete and radical excision of the lymph glands draining the infected area, 
especially in rapidly spreading infection, has been practiced, but it is based upon the 
erroneous supposition that the infection can be stopped by this means and has nothing* 
to recommend it. 

CELLULITIS. —^When the infection enters and spreads along the deeper 
cellular lymphatic planes, these shotild be opened by appropriate incisions and 
drained and dressed as an infected wound. 

EEYSIPELAS. —The treatment of erysipelas, when it occurs as a wound in¬ 
fection, has simplified itself materially in recent years. The disease is pri¬ 
marily self-limited, and attempts at limiting the disease locally by scarification, 
the injection of carbolic acid, etc., ahead of the disease, have little justifica¬ 
tion. Painting the infected area and a wide zone about it with the tincture of 
iodin is of doubtful utility. Probably the most comfortable local application 
consists in a cold moist compress of boric acid or 2 per cent, sodium bicar¬ 
bonate solution to the involved area. This should be changed every few min¬ 
utes and the part kept cool and moist. 

Constitutional treatment should be instituted to meet the requirements of 
the case, and such intcrcurrent conditions as starvation, alcoholism, nephritis, 
diabetes, etc., treated by appropriate measures. 

In general, water, lemonade, and fluids should be given generously. The 
patient should be sponged for temperatures above 103° F. and the bowels kept 
open. The diet should be fluid and high in caloric value. 

Antistreptococcic sera, vaccines, etc., have proven of no value. 

Patients with erysipelas should be isolated and care taken not to carry the infec¬ 
tion. All attendants should wear rubber gloves while dressing these cases, and all 
dressings, etc., used in the case of erysipelas patients should be sterilized by immersion 
in formalin solutions or burned. 

GASEOUS OB EMPHYSEMATOUS CELLULITIS. —^When crepitation is found 
about a lacerated wound into which street dirt has been ground, the crepitant 
area and the tissue around and beyond it should be opened by long incisions 
n-nd the wound and the line of incision irrigated with hydrogen dioxid solution, 
n-nd the part dressed with dressings dripping wet with the peroxid solution. 
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Should the smears and cultures from the wound show the presence of the 
gas bacillus (Bacillus capsulatus aerogenes, Welch), especially if the organism 
occurs in conjunction with the streptococcus, great care must be used to prevent 
pocketing of the discharge. Unless free incision is made, this pocketing is 
bound to occur, and the infection will spread from this source along the con¬ 
tiguous lymphatics. 

The subsequent treatment will depend upon the presence or absence of the 
gas bacillus in the circulating blood. Once the organism gains a foothold in 
the blood stream, such local treatment as amputation avails little. When the 
extremity is so badly lacerated by the original injury that its circulation is 
seriously interfered with, the early recognition of a gas bacillus infection and a 
prompt amputation are indicated. , 

When the laceration is extensive, without any definite injury to the main 
circulation, the treatment is that used for lacerations in general. Should the 
lacerated tissues show signs of extensive necrosis and the wound give a sweet¬ 
ish, fetid odor, with a grayish green surface, the patient should be anesthetized 
(gas and oxygen) and the whole wound filled with pure strength formalin solu¬ 
tion. After 5 minutes the necrotic mass should be cut away, every recess of 
the wound opened, and the action of the formalin then neutralized by a 10-vol¬ 
ume solution of peroxid. The wound may now be dressed in this solution. The 
essential feature in the treatment of this type of infection, in my experience, 
has been the prevention of pockets in which the anaerobic conditions suitable for 
the growth of the gas bacillus exist. 

VARYING TYPES OF BLOOD INFECTION (BACTERIEMTA, SEPTICEMIA, 
SEPTICOPYEMIA, PYEMIA, ETC.) WHICH RESULT FROM WOUND INFECTIONS. 
—Pkeventivk Measures. —Kigid surgical asepsis and the proper treatment 
and drainage of all injuries will reduce the above infection to a minimum. 

Local Treatment. —Any infected wound should be freely opened and 
proper drainage provided (see Wounds Infected by the Ordinary Pyogenic Or¬ 
ganisms). 

General Treatment. —The patient shoiild be put to bed and, if the tem¬ 
perature is high or if there is marked delirium, sponged. The diet should be 
liquid, easily digestible, and of a high caloric value, and nourishment should be 
given at short intervals (every 2 to 3 hours). Those patients who can take a 
relatively large amount of nourishment show' greater resistance to this type of 
infection and the vast majority of the recoveries from general blood infections 
of the surgical type will bo found among such patients. Water, lemonade, etc., 
should be given freely, and the case treated symptomaticallyby strychnin, digi-> 
talis, whisky, etc. 

Special Forms of Treatment. —Many other forms of treatment have, 
been recommended, as follows: 

1. Intravenous injections of various antiseptics (biehlorid of mercury, 
silver nitrate, colloidal silver, electrargol, formaldehyd solutions).—The pur¬ 
pose of these jUijections is to render the blood antiseptic and thus to iiihibit tbo 
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growth of or to destroy tho micro-organisms. All of the above antiseptics can 
be introduced in sufficient quantity to theoretically inhibit, the growth of the 
micro-organism. Practically tho only result of their introduction .is an in¬ 
creased leukocytosis. In the human, blood-cultures in streptococcus infections 
show no change after repeated injections of any or all of the above chemicals. 

2. A second type of treatment is suggested, which has as a basis for its 
existence tho increase of the bacteriolytic action of the blood (a) by causing an 
increased leukocytosis, or (b) by increasing the opsonins in the blood-stream. 
The increase in leukocytosis may be produced by saline infusion, the injection 
of nucleinic acid, etc. The opsonins, etc., are increased by the so-called vaccine 
therapy, i. e., the injection of the dead bodies of tho infecting micro-organisms, 
either autogenous (made from, the culture obtained from tin? patient) or from 
stock cultures. (See Vol. 1, ('hap. VM, for complete exposition of the subject.) 

3. The production of chemical abscesses in suitable localities (for ex¬ 
ample, the buttocks) by the inje(!tioii of such substancics as turpentine, zinc 
chlorid, formaldehyd solutions, etc. The purport of such treatment is stated 
to be tho formation of abscesses in which a sufficient number of mici’o-organisms 
are destroyed to produce an autovaccination and an active immunization against 
the specific infection. 

4. The introduction of drugs by mouth, rectum, or inunction to destroy the 
micro-organisms in the circulation (quinin, unguentum credo, etc.). 

5. Serum Therapy. —^lany forms (Tf antistreptoco(!cic sera have been pre¬ 
pared, but none have proven of any value. 

It is probable that a lengthy search would reveal many more equally ineffi¬ 
cacious forms of treatment. Of the above, only the vaccine therapy is of proba¬ 
ble value, and that only in tho hands of an expert. The indiscriminate injec¬ 
tion of the stock cultures is not likely to do any good and may do harm. 

The Putrefactive Infections.—The features csstmtial for the development of 
putrefactive infections arc (1) the presence of ne(!rotic or sloughing tissue; (2) 
pocketing of the wound secretions; (3) the infection by putrefactive micro¬ 
organisms. (The chief micro-organisms of this group are the proteus vulgaris, 
the colon bacillus, and the anaerobic bacilli, of which the bacillus capsulatus 
acrogenes is the chief member; sec gaseous cellulitis). (Here likewise may be 
grouped diabetic and moist gangrene, noma, and wound phagedena or hospital 
gangrene.) 

It is difficult to group the treatment of conditions of such a wide etiologic 
organ. Since the resulting processes are all susceptible to the same general 
laws and differ only in the location of the process, such an attesmpt will be made. 

Inasmuch as the presence of necrotic or sloughing tissue, that is tissue in 
which the circulation has been destroyed, is one of the main factors in the 
putrefactive infections, all sloughing and necrotic tissue should be removed by 
free incision to the normal tissue or by amputation as the case requires. Wide 
incision should be made into the adjacent normal tissue (when amputation is 
not done) and all pockets and recesses freely opened and drained. Since the 



OPEN WOUNDS 


693 


majority of the infections of this type exhibit their most virulent form under 
anaerobic conditions the wounds should bo tilled with peroxid of hydrogen solu¬ 
tion, dressed, and kept wet with this solution. 

In those cases of gangrene in diabetes, in senile gangrene, and in traumatic 
gangrene which do not permit of immediate amputation, the part should be 
subjected to constant dry lieat (that is, submitted to desiccation). 

This may he done by passing a current of dry hot air, generated by a gas 
or alcohol flame over the involved ar('a, which may either be left exposed to the 
air or covered with dry gauze and protected from the bod clothes by a suitable 
wire or wooden cradle with openings at both ends to allow the current of hot 
air to pass freely over the tissue. Later when demarcation is evident and 
desiccation is so far completcul as to pewmit of the rapid removal of the dead 
tissue, amputation is indicated. Wet dressings are to be avoided inasmuch as- 
the putrefactive processes devedop rapidly under the influence of moisture and 
heat. 

Noma and allied (condition should be treated by excision by the actual 
cautery through the normal surrounding tissue (see face, etc.). For putrefac¬ 
tive infections in the uterus, penis, scrotmu, perineum, and peritoneum, see 
the chapters dc'voted to these regions. 

Group of Wound Infections Due to Specific Micro-organisms.— ^TKTANUS. —Te¬ 
tanus results from the entrance and growth of the tetanus bacillus in a 
wound. Due to its prevalence in street dirt and in the excreta of herbiverous 
animals, it is prone to com 2 )li(nite wounds received in locations likely to ho con¬ 
taminated by atr('(!t dirt, manure, etc. The treatment of wounds likely to bo 
contaminated by Infection from the tetanus bacillus may be divided into two 
parts: First, the local treatimait of tlui wound; second, the prophylactic injec¬ 
tion of 1,500 units of tetanus antitoxin into the region proximal to the injury, 
that is, if a Avound of the right band, into the right arm; of the foot, into 
the leg, etc. This latt(>r procedure is the most important of the two, and in view 
of the danger of tetanus, especially in blank cartridge wounds and lacerated 
wounds into which street dirt, etc., has been ground, its more extensive use 
woiild seem warranted. 

Wlien the manifestations of the tetanus infection become definitely marked, 
the treatment likewise becomes local and constitutional, and here again the 
latter is of the greater importance. 

Intrasuinat. and J xTiiAvuNous 1n.je(;ti()n of Tetanus Antitoxin.— 
Park and Nicoll (IG) recommend the use of intraspinal and intravenous injec¬ 
tions of antitoxin. 

In every case of suspected tetanus, from 3,000 to 5,000 units of tetanus 
antitoxin should be given intraspinally through a lumbar puncture. The pa¬ 
tient should be anesthetized, lumbar puncture done, and an amount of cerebro¬ 
spinal fluid slightly in excess of tlu; amount of antitoxin to be given should be 
withdrawn. To insure its dissemination, the antitoxin should be diluted to a 
volume of from 3 to 10 c. c., according to the age and size of the patient. The 
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diluted antitoxin is then allowed to flow into the spinal canal slowly by gravity. 
In acute cases this procedure should be repeated in from 24 to 36 hours. 

In addition to the above, from 10,000 to 1.5,000 units of tetanus antitoxin 
should be given intravenously, coincidently with the iutraspinal injection. 
After a period of from 3 to 5 days 10,000 to 15,000 units should be given sub¬ 
cutaneously to insure a continuance of the highly antitoxic condition. 

It does not lie within the scope of this article to discuss the merits and demerits of 
the various methods recommended for the use of antitoxin in cases of tetanus, but the 
above treatment of Park and Nicoll meets the conditions to be treated more satisfac¬ 
torily and deserves a much more extended trial than the other less efficacious forms of 
treatment. 

I 

iNTKACEBEBRAn INJECTION OF Tetanus Antitoxin. —^Roux and Borrell 
(18) injected the antitoxin through a trephine opening into the brain tissue 
directly, believing that the toxin was more quickly neutralized by this method. 
As stated by Frazier (5), it is difficult to understand the rationale of injecting 
the antitoxin into the brain when the toxin acts chiefly upon the cord and 
medulla. 

Inteaneubat. Injection of Tetanus Antitoxin. —Marie and Morax 
(11) in their experiments on animals found that toxin was absorbed by the end 
plates of the nerves. Meyer and Ransom (13) found that the toxin was ab¬ 
sorbed by the motor nerves and explained the period of incubation by the 
length of the nerve from the site of the original infection. 1'hey also found 
that the intraneural injection of the antitoxin into the nerve trunks which sup¬ 
ply "the area of the wound infection prevented the passage of the toxin to the 
cord; hence tetanus did not result. From this arose the intraneural injection of 
antitoxin into the nerve trunks. Rogers (10) was the first to apply this method 
clinically, but in his cases he likewise injected the antitoxin subcutaneously, 
intravenously and into the spinal cord, so that it is difficult to determine the 
relative value of this method from his clinical observations. 

Other Therapeutic Measure.s.— Of the other therapeutic measures sug¬ 
gested in the treatment of tetanus, mention must bo made of the carbolic acid 
treatment of Bacelli (1), the suhdural injection of magnesium sulphate by 
Melzer (12), and the use of chloretone by Hutchings, 1909 (7). 

The carbolic acid treatment for tetanus {Bacelli) consists in the subcu¬ 
taneous injection of a 1 per cent, solution of carbolic acid until 80 gr. (5 gm.) 
have been given in the 24 hours. The results outside of Italy are not convinc¬ 
ing. 

Suhdural Injections of Magnesium Sulphate {Melzer). —Melzer advises 1 
c. c. to every 20 pounds of body weight in the adult male, 1 c. c. for every 25 
pounds of body weight in the female, and in the child never more than 1 c. c. 
for every 25 pounds of body weight. Blake (3) considers it a reasonably safe 
means of relieving the pain and modifying the convulsions in the disease. 

Chloretone .—Hutchings considers chloretone a very useful medicament in 
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controlling a convulsion. It is given in front 30 to 60 gr. doses dissolved in 
whisky or hot olive oil—by mouth or rectum—and repeated sufficiently often 
to control the convulsions. 

Local Tbeatment of Sospicjoits Wounds. —The local treatment of a sus¬ 
picious wound, or one in a case in which the symptoms of tetanus are present, 
should be radical. Under an anesthetic the wound should be widely opened 
and disinfected with iodin or carbolic acid solutions, and freely drained. 

In cases in which tetanus has developed, or in suspicious wounds, McFar¬ 
land advises the use of a dry powdered form of tetanus antitoxin as a dusting 
powder for the wound. 

The further treatment consists in the use of rest in a quiet room, the use 
of sedatives to control convulsions, together with chloroform inhalations in tho 
severe forms. Care, however, should bo used in not overdoing the use of seda¬ 
tives. The nourishment should be fluid, and care should be taken to keep tho 
bowels open. 

WOUND DiPllTHEitJA.— This is found, as a rule, secondary to nasal, throat, 
or laryngeal diphtheria. It occurs in many forms (see Knowles and Fresooln, 
9, for types and literature). 

Since the treatment is dependent upon tho presence of the Klebs-Loeffler 
bacillus in the wound, it should wait for a culture made from the wound. 
When the Klebs-Loeffler bacillus is reportcid as present, from .5,000 to 20,000 
units of diphtheria antitoxin should bo given, depending upon the severity of 
the case. Locally the wound should be cleansed with peroxid and dressed with 
a moist alcohol or saline dressing. 

Patients with wound diphtheria should be isolated, and all dressings, etc., 
which have been iiscd should be burned. 

ANTHRAX. —The essential lesion of the infection, as a wound disease, is 
the malignant piistule. 

The treatment depends upon the recognition of the type of tho infection be¬ 
fore it has spread beyond tho localized lesion. When seen early and recognized, 
complete radical excision of the involved area by the knife or cautery or both 
may be successful. If scon after the lesion has lasted for some days, excision 
is likely to avail little, as the blood stream is invaded early in the course of the 
disease. 

Sclavo (18) advises the use of a serum prepared by actively and passively 
immunizing an animal, especially the ass. The dose suggested by him is 30 
to 40 c. c. of the antitoxin injected into tho abdominal wall at 3 or 4 different 
points. In severe cases the injection should be made intravenously and the 
dose repeated every few hours. 

When the serum cannot be obtained and when excision is impossible or has 
been too long delayed, injections of carbolic acid, 1:20 (Strubel, 19), with 
hot moist compresses, may be used. 

The general treatment should be dietetic and symptomatic, but in the ab¬ 
sence of the serum, avails little. 
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GLANDERS. —This disease is transmitted to man from an infected animal, 
usually the hoi’sc, and the cutaneous lesions, i. c., the small superficial shin 
wounds, closely resemble chronic pyogenic infections.’ There is, however, 
usually an acute febrile disease (acmte !;land(;rs), or the case may continue as 
chronic glanders as a result of the local infection. 

Wounds, therefore, rcceivcal by stahlemen, etc., had best he regarded with 
suspicion, and, if a history of attention given to a sick horse is obtained, the 
wound area should bo freely excised, cauterized with pure carbolic acid, and 
dressed with alcohol or with the iodin-guaiacol solution. 

Chronic abscesses may form ])eriodically, and these should he opened, cau¬ 
terized by pure carbolic acid, and drcs.sed with the iodin-gTiaiacol solution previ¬ 
ously described. 

In a case reported by mo (6) an abscess on the arm appeared 8 months after 
the infection. This abscess, located on the radial side of the forearm, rcisem- 
bled a gumma, but the man’s history made tln^ diagnosis of chronic glanders 
possible, and the injection of some of the pus into a male guinea pig proved the 
presence of the bacilhis mallei. The treatnumt ahova; outlined produced a cure 
of the local abscess, and no others occurred during the succeeding year. 

Mallein (Bonome, 4) may he used in the chroni(*, eases. 

TUBERCULOSIS. —Tuberculo.sis may occur as the result of wound infection , 
from infected meat, or in post-mortem wounds. 

The ANATo;Mic.\n Tubekct.!-;. —This result of local infection by the tuber¬ 
cle bacillus shoidd be excised. 

SYPHILIS. —S\'philis may result from wounds infected by instruments 
which have come in contact with a syphilitic. The recognition of the chancre 
and its treatment by calomel ointment, salvarsan, mercury, etc., need no fur¬ 
ther comment. 

ACTINOMYCOSIS. —.Actinomycosis occurs chiefly as an infection about the 
head and neck (mouth and teeth), the dige.stive tract, pulmonary tract or the 
skin. In the latter it may be present as an infection of a wound due to the 
presence of a foreign body, sjdinter, piece of straw, etc., in the wound. 

The treatment of actinomycosis consists in excising the infected area-when 
possible, cauterizing the area of the e.xcision with pure carbolic acid, and 
dressing it with tlu; phenol camphor solution of Ohlumsky (phenol 30, cam¬ 
phor 60, alcohol 10). When the arcai cannot be excised, all the sinuses should 
be widely opened, cauterized with pure carbolic, and packed with gauze satu¬ 
rated with the iodin-guaiacol solution or with the phenol-camphor solution. 

Potassium iodid should be given internally in large doses at broken inter¬ 
vals, i. e., the drug should bo given for 1 week, then stopped for 1 week. 

Bevan (2) recommends the use of cupric sulphate internally in from 4/4 
y 2 gr. doses thrice daily. He also advises irrigating the wound and sinuses 
with a 1 per cent, copper sulphate solution. 

The further treatment is hygienic, and should consist in rest, fresh air, 
sunshine, and an easily assimilated diet of high caloric value. 
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MADUKA FOOT.—Madura foot is closely allied to actinomycosis, and its 
treatment is similar to that described for the latter. Permanent cure follows 
the amputation of the involved foot. 

BLASTOMYCOSJS. —(For literature, dc., sec Lexcr-Bevaii, 10.) In the 
cutaneous cases, this disease has occasionally followed a local wound and may, 
therefore, be. consideix'd a wound disease. 

When the disease remains a localized cutaneous infection, the entire lesion 
may be excised. Abscesses occurriuc; in the i'Ciieralized forms rc(]uirc incision 
and drainage. Radiotlmrapy may be tried in localized infections. (Constitu¬ 
tional treatment consists chidlv in the administration of largo doses of potas¬ 
sium iodid (GOO gr. a day in some of Levan's cases). 

Bevan also recommends cupric .sulphate in Vj, gr. doses .‘5 times a day, and 
a dressing of 1 per cent, cupric sulphate solution as a wet dressing. 

BURNS DUE TO HEAT AND COLD, ACIDS, ELECTRICITY, AND 
LIGHT RAYS; POISONING BY CARBON MONOXID, ETC, AC¬ 
CIDENT CASES PRODUCING MULTIPLE INJURIES 

BURNS AND SCALDS 

The injuries produc(‘d by the various agents (thermal, chemical, friction, 
electrical, light rays) which cause; the tissue injuries known as burns, are 
divided into three degrees—lirst degree, second de'gree*, and third degree— 
according to the extent to which they involve the tissues. 

In general the rea(!tion in the tissues to the injury produced is greater than 
is requii’cd for the re 2 )air proctvss, i. (;., excessive reaction. This excessive re¬ 
action exhibits itself 2 ii'iniarily as an e.xcc'ssive e.xndation of serum into the 
tissues which, in given localities, the throat for example, produces obstructive 
symptoms of alarming nature. 'IIk; la1c-r excess in the tissue reaction produces 
an amount of scar tissue' far in ('xc,(!ss of that lu'cessary for the repair of the 
injured area, hence the distiguring scars and contractures .so commonly found 
following burns. 

The constitutional effoeets of these injuries (;om 2 )rise shock, edema of the 
brain, amiria, ulcer of the duodenum, and areas of toxic necrosis in the various 
solid viscera. 

Hence the c.sscntial features in the treatment of burns must be directed 
toward the alhiviation of tin* 2 )ain, the treatment of the shock, and the use of 
such local treatment of the burned surface as will tend to prevent the excessive 
tissue reaction above mentioned. 

The treatment will of necessity la; dirtxdxal toward relieving those symp¬ 
toms which are most 2 n’e«sing. That is, shock and pain in the extensive burns 
and tracheotomy in burns of the mouth with obstructive laryngeal symptoms, 
will need the most attention, while the use of merely local measures at the site 
of the injiiry will suffice when the eonstitiitional jdicnomena need no attention. 
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First Aid.—The most useful application and one which can be obtained 
everywhere is a solution of baking-soda made by adding a heaping teaspoonful 
of baking-soda to a pint of cold water. This solution should be applied cold on 
clean cloths or cotton to the burned area and kept moist. The applications 
should be quite cool so that the excessive tissue reaction may be limited in so 
far as it is possible to limit it. 

It has been my experience that those cases which have been treated by oil in any 
form, usually the abomination known as Carroii oil, have taken longer to heal and have 
caused more discomfort than occurred when tlie soda solution was employed. Estes 
(“Keen’s Surgery,” Vol. VII) states that he has found that flour paste, oils, etc., are not 
desirable forms of treatment. 

$ 

In extensive burns of the trunk and especially over the abdomen, the appli¬ 
cation of this solution cold is contra-indicated and in that case it should bo 
applied after heating it (tepid application). 

The patient should be given a cup of hot coffee, tea, milk, or even water and 
kept quiet. 

Local Treatment.— ^t’lRST-DEGEEE burns. —The most comfortable applica¬ 
tion is something cooling. Many lotions fill that requirement. 

The two which have given me the most satisfaction are cold compresses of 
sodium bicarbonate in one to two per cent, solutions, or one of the many forms 
of lubricating jellies put up in collapsible tubes under various trade names. 

These should be applied until all the burning sensation has disappeared, 
when a bland oil, such as petrolatum or “cold cream” may be rubbed over the 
part to relieve the itching. 

SECOND-DEGREE BURNS. —I’he most advantageous application to second- 
degree burns is a one-half to one per cent, aqueous solution of picric acid. The 
solution should be applied on sufficient gauze to make a firm moist compress 
and the compress moistened with cold sterile water for the first 12 hours, when 
it may be allowed to dry. When the burned area is large, the weaker solution 
should be used and a certain amount of judgment must be employed to de¬ 
termine just what amount of the body may be safely covered without symptoms 
of picric acid poisoning. In healthy adults little danger is to be feared unless 
more than one-third of the body is covered, while in debilitated individuals, and 
in the two extremes of age, the area should be restricted to one-quarter or less 
of the body area. 

Should the above not be available, compresses wet with sodium of bicar¬ 
bonate solution, or weak solutions of alcohol (25 per cent.) may be used. Blis¬ 
ters should not be opened at the first treatment. After the use of one of the 
above solutions for from 24 to 48 hours, the blisters which remain may be 
opened and the burned surface dressed in a variety of ways; that is, covered 
with silver foil, zinc stearate powder, or rubber tissue, or dressed in «, moist 
saline compress. 

When the irritant symptoms have disappeared and desquamation has begun. 
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be substantially that given for the second-degree burns or the burned surface 
may be dressed with moist saline solution. The main effort in burns of this 
type is to prevent, or at least to limit the amount of infection which occurs. 

Two other rather different forms of treatment may be used to advantage in 
selected cases, namely the dry treatment and the continuous bath. 

In the dry treatment the patient is placed naked on a sterile or a clean, 
freshly laundered sheet. 

The bed clothes are placed on a cradle over the patient so that those por¬ 
tions of the body not resting upon the bed ara entirely free from covering. 
The patient is kept warm by the heat of an electric stove, or more advan¬ 
tageously by the dry heat generated by a gas or alcohol flame passed under 
the bed covers by a suitably protected pi(!ce of stove pipe. The essential idea 
is to dry the serum discharging from the tissues into a protecting scab by this 
process of desiccation. It is neex'ssary that the heated air should have an out¬ 
let at the upper opposite end from the sites at which it enters the cradle; 

[The electric hot air apparatus used by women to dry the hair is a safe and , 
reliable substitute for the lamp.— Editor.] 

In hot weather the heating apparatus may be dispensed with. 

Various dusting powders have been used such as talcum, starch, zinc oxid 
and stearate, etc., to aid in the drying process. If used at all they should be 
dusted upon the sheet upon which the patient rests to aid in the absorption of 
the secretions. Elsewhere they are a hindrance rather than an aid. 

Should too much secretion form or should the scabs become malodorous 
they may be softened by moist saline dressings and removed or the patient may 
be placed in a tub of clean water containing a little borax and the scabs washed 
off, when the drying process may be repeated. 

The continuous tub (Ilebra) is especially valuable in burns which involve 
the trunk, the axillae, the buttocks, or the groin. 

The water should contain sufficient salt to make a normal saline solution 
(teaspoonful to the pint) and the water should be kept between 1)5° and 100° 

E. and frequently changed. (The temperature should bo regulated to suit the 
patient’s comfort but the mean average temperature will be found between the 
figures given.) The patient should be kept in the bath until the exudation 
has ceased and reparative reaction in the tissues has been established. Those 
cases in which the tub bath is well borne usually do better than those in which 
the relaxation incident to the constant immersion causes cardiovascular and 
muscular depression. In the latter a combination of the wet and dry methods 
is often more efficacious than either one alone. In those cases in which the 
burned surface becomes infected this latter combined method is very efficacious. 

The late Local Treatment of the Burned Area. —This is largely dependent 
upon the area involved and includes practically all the expedients of plastic 
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surgery devised to correct and relieve deformities, skin grafting, strapping with 
adhesive plaster, or the use of rubber tissue strips laid over the granulating 
are6.' If the area is near a joint or over an important muscular area, skin graft¬ 
ing should be resorted to as soon as possible. Cicatrices which break down and 
ulcerate should be excised and the area covered by skin grafts. 

The General Treatment. —JVforpliin should be given hypodermically to re¬ 
lieve the pain. The shock should be combated by such measures as hot saline 
solution, water or coffee by rectum, or saline by hypodermoclysis. 

In extensive burns water should be given freely by mouth preferably 
slightly acidulated hy lemon or orange juice. In cases which cannot be made 
to take water in this way it should be given by proctoclysis by the Murphy 
drip. In many cases the two methods may be advantageously combined. It 
is important that the patient receive a largo volume of fluid throughout the 
early stages of the treatment. The nourishment should be fluid with a high 
caloric value. 

Burns Due to Ciiemicaus 

Bums Due to Acids.—The action of carbolic acid may be neutralized by 
alcohol. 

The caustic acids, sulphuric, nitric, hydrochloric, etc., are best neutralized 
by dilute alkalies. Care should be taken not to allow this process of neutraliza¬ 
tion to occur too rapidly as the heat generated may increase the degree of the 
bum. 

The Bums Due to Caustic Alkalies. —The hurned area should be washed with 
a dilute acid (vinegar or acetic acid preferably). After the process of neutrali¬ 
zation of the chemical substance the treatment should be that advised under the 
local and general treatment of burns in general. 

Burns Due to Liciiit Rays 

Sunburn. —Mild degrees of solar burns may bo treated by evaporating lo¬ 
tions or any of the lubricating jellies. 

The severe forms should be treated by cold compresses of sodium bicar¬ 
bonate or aluminum acetate solutions until the intense burning has subsided. 
Skin blebs should then be opened and the area covered by silver foil or weak 
picric acid solutions. 

The late irritating itching may be relieved by a bland oil or a toilet cream. 

X-ray Bums occur in two forms: (1) an actual burn, and (2) X-ray 
dermatitis. 

The chief treatment should be preventive and all individuals repeatedly 
exposed to the action of the X-ray should be properly protected. 

The operator should not expose himself to the direct rays unless his hands 
are protected by specially prepared gloves. Preferably be should work behind a 
lead screen. 
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Patients exposed to the X-ray for diagnostic purposes should not be sub¬ 
mitted to long exposures. When patients are exposed to the X-ray for thera¬ 
peutic purposes the rays should be adiniiiistcred through a suitable filter and 
the exposures made at suitable intervals. 

When a bum occurs no further treatments should be given. The burned 
area may be treated by various light rays, as rod light rays (liar), and blue 
light rays (Kaiser). 

The burns are painful. For the paiu, aspirin, the broinids, codein, and 
morphin may be noeessary. Due to the chronieity of the local process the 
opium alkaloids must be used with considerable caution. In 2 cases under the 
writer’s care the involved area was excised and the raw surface skin grafted 
with, most satisfactory results. , 

The X-ray dermatitis is best treated l)y excision of the involved skin area 
and skin grafting. Should the involved area show signs of epithcliomatous 
change amputation may be lu'cessary. 

Kadium burns are similar to those produced by the X-ray but extend more 
deeply into the tissues and arc more diilicult to handle. The same treatment 
outlined for the X-ray burns is indicatcxl. 

Injubiks Due to ET.KCTRH'n v. Frax TUTo Shocks, Burns, and Injuries 

Due to Lic.utnino 

Death after exposure to tin; high tension electric currents is usually due to 
the inhibition of the respiratoiy center. The alFectcd individual should there¬ 
fore be freed from coiitacd, with the current, the mouth opened and the tongue 
pulled out, and artificial respiiation done. This should be kept up as long 
as the heart continues to beat. (In electric plants, or wherever high ten¬ 
sion currents are in constant use, a pulmotor should be kept for this pur¬ 
pose.) 

In shocks due to low tension currents, especially alternating currents, death 
is due to cardiac paralysis due to fibrillary tremor of the heart muscle and 
when this occurs treatment avails little. 

Burns due to electricity depend upon the duration and degree of contact, 
dampness of the skin, etc., usually extend deeply into the tissues and, at the 
point of exit, frecpiently cause complete charring of the tissues, that is, a dry 
gangrene. 

The treatment is substantially that of third degi-ee burns. Amputation is 
indicated for those cases in which the part is killed by the current. 

The constitutional and local effects of lightning are similar to those pro¬ 
duced by the commercial currents, and the same statements apply to their 
treatment as to those gh'cn above. 

For the late general symptoms, sucdi as the psychoses, functional neuroses, 
epileptiform attacks, eye symptoms, etc., the reader is referred to the various 
works dealing with these diseases. 
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THE EFFEOTS OF COLD ON THE TISSUE 

The Treatment of Individuals Exposed to low Temperature or Submersion in 
Cold Water. —The patient should be placed in a cold room, artificial respiration 
performed, and the extremities rubbed with dilute alcohol solutions containing 
a little camphor. (Alcohol 50 per cent, with 1 per cent, camphor.) When 
the patient begins to react (reaction should be brought about slowly), the tem¬ 
perature of the room should be slowly.raised and the patient given warm drinks 
of coffee, tea, or whiskey. 

The local results of cold are divided into first, second, and third degree 
injuries as given under burns. 

The essential features of the treatment for frozen tissues is to bring about 
a gradual thawing of the part and a slow return of the circulation in the 
affected extremity. This may be done by gentle friction with snow or the 
immersion of the part in ice water and gentle friction. As the circulation re¬ 
turns the temperature of the water should be slowly raised. 

The resulting conditions after the thawing process are due to the reaction 
in the involved tissues. 

The erythema (chilblain) must be protected from changes of temperature 
by warm covering. This may also be satisfactorily supplemented by the use 
of a protective coating of vaselin containing about 2 per cent, camphor. 
Fordyce (“Keen’s Surgery,” Vol. IT) advises the use of a hot saturated solution 
of alum to relieve the venous congestion and itching. 

When bullae form (second degree) the part may be dressed with alcohol or 
1 per cent, alcoholic solution of picric acud. The bulbe should not be opened 
until the second dressing. Should infection occur the part should be dressed 
with the above solution and kept moist. When gangrene seems imminent the 
extremities should be suspended. 

In third degree frost bites with slough formation desiccation should be en¬ 
couraged by dry heat, absolute alcohol, or dilute formalin solution and the 
part amputated when a line of demarcation has developed. 

THE TEEATMENT OF ILLUMINATING OAS POISONINO; CARBON MONOXID AND 

CABBON BISULPHID POISONINO 

Carbon monoxid poisoning occurs in two forms, each of which needs sep¬ 
arate treatment, i. e., the acute form and the chronic form. Illuminating gas 
poisoning requires practically the same treatment and is included under this 
heading. 

Acute Carbon Monoxid Poisoning. —The patient should be removed from the 
room or area which contains the gas, and artificial respiration done. A pul- 
should be used for this purpose if accessible. Oxygen inhalation should 
bo ^ven and generous doses of strychnin, caffein, etc., should be given hypo- 
denaiatically. 
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Saline solution should be given intravenously and, in plethoric individuals, 
bleeding may be practiced from the distal end of the vein into whicH the saline 
solution is being injected. 

In desperate cases blood transfusion may be done. 

The chronic forms of poisoning such as occur in workers about electric 
furnaces, in brick and tile workers, the “miner’s disease,” etc., are treated 
by removing the patient from exposure to tlie gas, the use of bernatinies 
to overcome the anemia, and an outdoor life in the fresh air and sun¬ 
shine. 

Chronic Carbon Bisulphid Poisoning.—This occurs in workers employed in 
making rubber goods. 

The treatment should be largely preventive and workmen should bo taught 
to use instruments for dipping the material into the bisulphid solution. Spe¬ 
cial means for ventilation should be employed to carry oft’ the fumes from the 
bisulphid tanks and the workmen should be cautioned against inhaling the 
vapor. 

When symptoms of chronic poisoning develop, complete removal from ex¬ 
posure to the bisulphid is indicated. An outdoor life with mild exercise and a 
generous diet, very largely fluid, arc- probably of the greatest value. Alcohol 
should be prohibited. The tn-atment otherwise should be symptomatic for the 
headache, constipation, and nervous symptoms. The local eczema should be 
treated by appropriate measures. 

THE TBEATMENT OF ACCIDENT CASES, EAlUtOAD INJXmiES AND OTHER 
FORMS OF MECHANICAL VIOLENCE PEODUCINa 
MULTIPLE INJURIES 

The detailed features of the treatment of such injuries will be found scat¬ 
tered throughout the entire work and such information as is not given here will 
be found under the various regional chapters and in Vol. II, Chapters I and 
IT, Postoperative Care and Postoperative^ (kanplications. 

The essential factor in the treatment of such injuries is the establishment of 
a temporary dressing station or the application of sufficient first aid dressings 
to protect the injured areas until suitable medical aid can be obtained or until 
the patient can be transported to proper surroundings for the proper surgical 
treatment. 

It would seem wise to have workmen employed in pursuits which are 
inherently dangerous properly instructed, as are soldiers, in the application of 
first-aid dressings, the methods of stopping hemorrhage, and in the ways and 
means of immobilizing injured parts so that the patient may be transported 
without increasing the extent of the injury, and with a minimum degree of 
pain. 

The first-aid treatment often determines the outcome of the injury and, as 
pointed out in the chapters devoted to the treatment of wounds and of frac- 
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tures, meddlesome interference under improper surroundings with insufficient 
materials dr experience usually means disaster to the injured individual. 

It should be stated as axiomatic that no operative procedures should be 
attempted until the patient has been removed to suitable surroundings. Such 
treatment as is undertaken, whether it be lay or medical, should be limited to 
the protection of the wound, the stopping of hemorrhage, the temporary immo¬ 
bilization of the part, and the combating of the shock. This latter, the eom- 
bating of the shock, must needs be largely medical in that drugs such as 
morphin, etc., given hypodcrmatically cannot safely be entrusted to the laity. 
The introduction of hot coffee, tea, or water into the rectum, surrounding the 
patient by hot water in such containers as arc accessible or by anything that 
can be heated arc matters necessarily subject to medical direction. 

In general in accident cases of the severe type received in railroad accidents, 
crushing injuries, etc., the chief aim, after the patient is received into a proper 
place for treatment, should bo treatment directed toward the shock. This con¬ 
sists in using all the methods elaborated in the chapter devoted to that subject, 
Vol. II, Chap. I, Postoperative Care, etc., and in many other chapters. 

Hemorrhage should bo stopped and where a tourniquet has been applied 
elsewhere this should be inspected and adjusted if necessary. A tourniquet 
should bo placed close to the injured area or on the injured tissue if possible 
rather than at too great a distance from it, especially if it must be left in posi¬ 
tion for any length of time. 

In severe injuries with internal hemorrhage, the hemorrhage must of necessity 
be sought for by operation and only such operative steps carried out as are neces¬ 
sary to check the hemorrhage and prevent infection. 

Idealism has a definite field in other realms of surgery, but any time-consuming 
operation, no matter what its theoretical merits may be, has no place in this par¬ 
ticular field. The urgency of hasto and of as little interference as possible 
should always be kept before the surgeon. When the stage of reaction has set 
in and the patient has sufficiently recovered to bear the operation, then the ideal 
may be attempted if the existing con^ditions warrant it. 

The above applies with special significance to traiimatic amputations and 
to those complicated lacerating or crushing injuries of the extremities in which 
a surgical amputation is necessary. See also Vol. I, Chap. V, Contra-indi- 
-cations, etc. 

It is wiser to tide such patients over their first crisis before shoving them 
into a state of further depression hy additional traumatism no matter how 
skillfully conducted as to the surgical technic or equipment. 

In accident cases into which street dirt, manure, etc., are ground into the 
wound a prophylactic dose of tetanus antitoxin should be given. (This is 
especially indicated in localities known to be infected by the tetanus bacillus.) 

In all severe traiimatic injuries special care should be taken to prevent 
infection, to drain all dead spaces, and to avoid any form of compression either 
by suture or dressing which will interfere with a free circulation through the 
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part. Extremities should be elevated and exposed muscles, etc., protected by 
sterile saline dressings to protect them from the drying action of the air. 
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DRESSINGS 



CHAPTER XVI[ 


PEEPABATION AND APPLICATION OF PLASTER-OP-PARJS DRESSINGS 

J. F. Cowan 

INTRODUCTION 

Because of the ease and accuracy with which it can be moulded to the body, 
and because of its lightness, hrinness, and rapidity of setting, plastcr-of-Paris 
is the best material for use in making splints, casts, and jackets. For these 
reasons it is the most frequently employed ftiatcrial in the treatment of frac¬ 
tures. There are few fractures which cannot be treated satisfactorily at some 
period by the proper use of this material. 

It has an extensive application in orthopedic surgery in the treatment of 
tuberculous disease of the bones and joints and after the correction of deformi¬ 
ties. It is applied in the fonn of plastcr-of-Paris bandages, which are employed 
in making the following forms of dressings: (1) moulded plaster splints; (2) 
circular plaster dressings. 


PREPARATION OF PLASTER-OF-PARIS BANDAGES 

These may be purchased ready for use from various surgical dressing manu¬ 
facturers, or may be easily and cheaply made by the surgeon, an assistant, or 
nurse. The plaster-of-Paris should be of good quality, dental casting plaster 
♦being the best. Good plaster will set in from 5 to 10 minutes. High-grade 
commercial plaster-of-Paris may be used, but is slower in setting. 

The best material to use as a foundation for the plaster is crinoline. Ordi¬ 
nary commercial crinoline contains considerable sizing or glue, which makes it 
quite stiff. To render it more serviceable, this should be washed in lukewarm 
water, thoroughly rinsed and dried. Crinoline sized with starch is preferable. 
The crinoline is cut into strips, 4 to 6 yards in length, with widths of 3, 4, 5*, 
and 6 inches respectively. In order to avoid frayed edges, threads may be 
pulled, and the crinoline cut along the space of the pulled threads. Loose 
threads at the edges of the crinoline strips should be pulled, as they interfere 
materially with the smooth rolling of the bandage. 
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Tho crinoline strip is now laid upon a flat, smooth surface. A handful of 
plaster is placed upon it and swept-along with the hand or a light piece of wood 
with a straight edge, the plaster being thoroughly worked into the* meshes of 
the crinoline. It is important in preparing the bandages to put just sufficient 
plaster into tho crinoline to fill the meshes and to have it evenly distributed. ■ 
This amount can only be learned by experience in making and applying the 
bandages. As the meshes of the crinoline are filled with tho plaster, the bandage 
is loosely rolled. Tight rolling of a bandage prevents the water from reaching 
the inner layers. 

The bandages ane wrapped in papers, which are folded over the ends, and 
held by means of strings or rubber bands. They arc then placed in an ordinary 
tin bread-box, or other can with a tightly fitting .cap. If kept in a dry place, 
many bandages may be made at a time, and their efficiency preserved for a long 
period. Should tho plaster become damp, the bandages are placed in a warm 
oven till thoroughly dry. Special apparatus have been devised for rolling plas¬ 
ter bandages, but tho above method is cipially easy and satisfactory. By the 
preparation of his own plaster bandages the surgeon can always get bandages 
of the desired length and width, and with the proper amount of plaster. They 
will be fresh and therefore sot more rapidly. 


MATERIALS NECESSARY FOR THE, APPLICATION OF PLASTER 

DRESSINGS 

Tho following materials are required for the application of plaster-of-Paris 
dressings: (1) plaster-of-Paris; (2) plaster-of-Paris roller bandages; (3) crino¬ 
line; (4) sheet-wadding in largo sheets; (5) sheet-wadding made into roller 
bandages; (6) flannel roller bandages, or seamless tricot material; (7) muslin 
roller bandages; (8) muslin for slings; (9) bass-wood splints, or strips of 
perforated tin; (10) strips of malleable iron; (11) adhesive plaster; oxid of 
zinc and moleskin; (12) knife with short stout blade for cutting plaster, and 
saw; (13) pair of heavy bandage scissors; (14) spica stand. 


PLASTER-OF-PARIS DRESSING FOR FRACTURES 

After reduction of a fracture, some form of retentive dressing is applied to 
maintain the fragments in proper position. Plaster, properlj^ applied, is the 
best retaining material. Whether applied in the form of moulded plaster 
splints or circular plaster dressings, certain general principles should be ob¬ 
served : 

General Principles to he Observed. —(l) In all cases the skin should be cleansed 
with soap and water, followed with alcohol and a dusting powder. If blebs are present. 
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they should he punctured suid the oxud.ite pressed out. These ivrens nnd abrasions 
should be dustctl with borit; acid powder, and an aseptic {jauze pad applied. 

(2) In fjcncral, the joint above and below the site of fracture should bo immo¬ 
bilized, care being exercised to prevent stiffness of'the joint and atrophy of the 
muscles by early massage and passive motion. 

(3) The dressing should not interfere with the circulation of the limb, nor cause 
undue pressure on prominent parts of bones or prominent tendons. Allowance should 
always be made for swelling, especially during the first few days after injury. 

(4) The patient and his attendants should be warned of these dangers, and should 
be instructed to watch the color, temperature and freedom of motion of the distal por¬ 
tions of the limb, which should always be left exposed by the dressing. 

(5) After reduction of displacement and the apiilication of a properly fitting 
plaster dressing, with immobilization of the fragments, pain is greatly relieved. Should 
the patient continue to complain of pain, especially If this is not at the point of frac¬ 
ture, but at the site of a bony proininenee, or prominent tendons, the dressing should 
be loosened or removed at once. Ulcers, the result of pressure, may cause considerable 
trouble, and furnish atria for pyogenic organisms. 

(6) The surgeon should see the case at least once a day for the first 3 or 4 days. 

(7) A radiograph, while not essential for diagnosis of fracture in the majority of 
cases, should, whenever possible, be taken immediately after tbe application of the 
dressing, and a second one 10 days or 2 weeks later, to determine the result of reduc¬ 
tion and retention. 

Preparation for Plaster Work.—An objection to plastcr-of-Uaria ia. that it 
soils objects with which it comes in contact. To avoid this, certain preparations 
fo» plaster w'ork slioiild bo made. This is especially important in private prac¬ 
tice. 

Above all the surgeon and assistants should do their work neatly as well as rapidly. 
They should have their forearms bared, and should be protected by gowns or rubber 
aprons. If these are not at hand, a sheet draped about the body will serve the purpose. 
The patient and bed should be protect('d by rubber sheets or bed sheets, nnd the floor 
by rubber sheets, bed sheets or newspapc'rs. If the bandages arc properly made, and 
wrung until they cease to drip, there will be little cause for soiling the surroundings. 
If, however, the jdaster has be(>n spattered On clothing or carpets. It should be left until 
it is dry before attempting to remove it. Spots on woodwork or furniture are removed 
while moist, or moistened if dry. 

Moulded Plaster Splints.—If plaster-of-Paris is used as a primary dressing, 
it should, as a rule, be in the form of moulded splints which can he easily 
loosened or removed. Moulded splints arc especially serviceable in the treat¬ 
ment of fractures of the arm, elbow, wrist, and ankle. 

PREPARATION. —A flannel or sheet-wadding bandage, about 2 inches longer,' 
and a little wider than the desired plaster splint is measured off on the part to 
which the dressing ia to be applied. By having the length and breadth of the 
flannel or sheet-wadding bandage a little in excess of the plaster, the ends and 
sides of the latter are prevented from coming in contact with the skin and caus¬ 
ing irritation. A plaster roller bandage is then placed in warm water, without 
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the addition of alum or salt. There should be sufficient water to cover the ban¬ 
dage when set up on end. Only one bandage should be immersed at a time. 
When all the air bubbles have ceased to escape, it is carefully lifted from the 
water by holding an end with each hand so as to prevent as far as possible the 
escape of the plaster. 

The bandage is wrung until it ceases to drip. It is then rapidly and evenly 
spread upon a smooth surface to the desired length, and brought back and forth, 
each turn being smoothed by the hand, and the plaster thoroughly worked into 
it. From eight to fifteen turns are usually rc<piired, but the number will depend 
upon the thickness of the material used and the part to which it is to be applied. 
The flannel or sheet-wadding strip is placed upon the plaster splint, and the 
ends of the former folded over the ends of the latter. It is best not to spread the 
plaster upon the flannel or sheet-wadding bandage, as the latter should be dry 
when applied to the skin. Plaster splints may bo reenforced by thin strips of 
basswood, or perforated tin, cut in proper dimensions and incorporated between 
the layers of the plaster bandages. By the use of these the weight of the splint 
may be reduced, while the strength is maintained. Reenforcement can best be 
used in parts where the plaster will not require much moulding. 

APPLICATION. —The part is firmly held by assistants, and the fragments 
maintained in the correct position by traction and counter-pressure. The plas¬ 
ter splints are rapidly applied, moulded to the part by gentle pressure, and held 
in position by a muslin roller bandage. The part is carefully supported by the 
assistant, or by sand bags, until the plaster hardens. This dressing can^ bo 
easily loosened to allow for swelling, thus lessening the danger of constriction, 
and can be readily removed when massage and passive motion are desired. As a 
general rule, a roller bandage should not be applied to the limb previous to the 
application of a plaster dressing, as it may interfere with swelling and do harm. 
Moulded splints may also be made by first applying a circular plaster dressing. 
When the plaster is set, it is cut through the entire length, laterally, or an- 
tcriorlv and posteriorly. Anterior and postei'ior or lateral splints are thus 
made. 

Circular Plaster Dressings. —A circular plaster dressing should rarely be 
used as a primary dressing in the treatment of fractures. 

Complete encasement of a part in plaster before swelling has occurred, exposes 
it to the dangers of constriction and subsequent gangrene or ischemic contracture, 
if swelling takes place after the application. If applied while the limb is swollen, 
the subsidence of the swelling will leave the dressing loose, so that the fragments are 
not properly immobilized. Such conditions call for the removal of the dressing. 
The circular plaster dressing is the most serviceable dressing for fractures after swell¬ 
ing has subsided, and at a later period in cases of fracture in which treatment by 
continuous traction has resulted in a fair degree of union. It is also applied after 
open operations for fractures. 

APPLICATION. —The limb is carefully raised by two assistants, one of whom 
makes steady traction in order to secure the full length and proper alignment; 
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the other supports the limb at the site of fracture. Th^ surgeon applies a roller 
of sheet-wadding smoothing about the limb. This is made thicker over points 
of pressure and about bony prominences, and is made to extend beyond the 
limits of the cast, so as to prevent irritation of the skin by the ends of the 
plaster. 

The first plaster roller should bo carried from below upward, in spiral turns, 
never reverses, as far as it will go, completing the dressing once. Tucks are taken 
in the bandage posteriorly, so that the spirals will be evenly applied. The suc¬ 
ceeding turns should go over this from beginning to end, care being taken to 
have the dressing of equal thickness throughout. In certain cases the dressing 
will require rfeenforcement at particular places. This will bo described in the 
application of special dressings. The turns of thp first layer of the plaster roller 
should be drawn just tight enough to retain them in place, and tho succeeding 
turns applied without increasing the pressure. The turns, as they are made, are 
smoothed with tho hand, always in tho same direction, and the plaster thoroughly 
worked into them. They arc accurately moulded to the prominences and de¬ 
pressions of tho limb, thereby preventing subsequent movement of the limb 
within the dressing. Rubbing a largo quantity of plaster cream into tho turns 
as they are applied adds to the weight. 

A plaster dressing should be as light as is compatible with strength. The 
weight of the dressing may bo reduced by the use of strips of basswood, or 
perforated tin, incorporated between the layers of the plaster bandages. 

After the completion of the dressing, tho limb should be properly supported 
by the hands, or by sand-bags, until the plaster has become firm. This usually 
reejuires from 10 to 1.5 minutes. The dressing should not bo covered with the 
bed clothing, but should bo loft exposed to tho air, in order to effect a thorough 
hardening. The ends of the flannel or sheet-wadding bandage are brought over 
the plaster like a criff, and are held by means of adhesive plaster, or by the 
last turns of the plaster as they are made. A circular dressing should always 
extend well above and below the site of fracture, and the fingers and toes should 
always be left exposed and carefully watched for signs of interference with 
circulation. 

It is quite important that a radiograph shall be taken immediately after the 
application of a circular dressing for fracture, and a second one 10 days or 2 
weeks later to determine tho position of the fragments. If this is not possible, 
the dressing should be cut down and removed, and a careful examination of tho 
limb made. The position of tho fragments may be improved and the dressing 
readjusted, or a new one applied. If the dressing is to be replaced, the limb is 
protected by another flannel or sheet-wadding bandage, the dressing readjusted 
and held in position by several strips of adhesive plaster applied circularly about 
it. If swelling has subsided so that the dressing is loose, a greater thickness of 
protecting material is necessary. Whenever tho dressing is removed the skin 
should be thoroughly cleansed. 

Fenestrated Plaster Dressings.—In cases of laceration of the skin, compound 
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fractures, or after operation, e. g. .. j ptella, where dressing or in- 

8]^tion>of the part is necessary; or when it is desired to relieve the pressure at 
a certain point, as in plaster dressings applied after the correction of club-foot, 
an opening or fenestrum* is cut in the dressing before the plaster is dry. To 
Tnalfft provision for the cutting of an opening a gauze compress, the size of the 
desired fenestrum, is applied over the wound. When the dressing is completed, 
an elevation on the surface marks the position of the wound and enables the 
surgeon to make the fenestrum in the proper position and of the proper size, and 
at the same time protects the wound. The edges of the fenestrum may bo pro¬ 
tected from the wound discharge by dental rubber or oiled silk. 

Interrupted Plaster Dressings.—If the skin or soft parts have been exten¬ 
sively injured, as in certain compound fractures, or in cases of an infected 
joint, such as the knee, where the Avoiind cannot bo dressed through a fenestrum 
without weakening the dressing, or where injury to the 
deeper structures forbids any constriction or pressure, the 
dressing may be interrupted. This is done by incorpor 
ating one or two curved iron bands (Fig. 1) into the plas¬ 
ter in the following manner: The limb is covered with 
sheet-wadding or flannel bandage up to the lower limit of 
the part which is to bo left exposed. The same material 
is then applied from the upper limit of the part to be ex¬ 
posed as far as may be desired. To these covered portions 
• of the limb a few turns of a plaster roller are applied. A 
straight iron band, sufficiently long to extend well above 
and below the area at which the dressing is to be inter¬ 
rupted, is placed on the plaster opposite the wounded area, 
and is fixed in place by a few turns of the plaster bandage. 
One or two stout iron bands bent in the form shown above 
are next incorporated in the subsequent turns of the plas¬ 
ter, and the dressing completed. The limb is held in the 
desired position till the plaster hardens. 

Plaster-of-Paris Spica for the Hip.—The plaster-of- 
Fio 1 ■^“Trbatmbnt op ^ « 

Compound Fbactubb Paris spica is employed in the treatment of fractures of 
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the femur, either as a primary dressing or after union has 
become fairly firm by treatment with continuous traction. 
It is used as a retentive dressing after the open method, in 
which the fragments are fixed by plate or wire. It has an 
extensive application in the treatment of tuberculous dis¬ 
ease of the hip, and after reduction of congenital disloca¬ 


tion of that joint. The details are as follows: 

APPLICATION. —The patient is placed upon a box or stand about 6 inches in 
height, and of sufficient size to support the head and upper portion of the trunk. 
A spica stand, well padded with layers of sheet-wadding, is placed beneath the 
sacrum. The extremities are supported by assistants. A folded towel, or 
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several tliiukiicssos of sheet-wadding, the so-called “dinner pad” is placed over 
toe abdomen. The entire abdomen, pelvis, and whole or part of the extremity, 
. ®P®^ding upon the case, are covered with several thicknesses of sheet-wadding 
m the form of 4 or 6-inch roller bandages. Extra pads of the same material are 
placed over the crests of the ilia and symphysis pnbis, the sacrum being pro¬ 
tected by the pad on the arm of the spica stand. This pad remains in position 
after the removal of the stand. 

With the limb held in the desired position by an assistant, the surgeon ap¬ 
plies the plaster rollers, beginning at the pelvis. The bandage is carried around 
the pelvis, over the hip to the thigh, around the latter, and brought baek to the 
pelvis in a figure-of-eight. After several figures-of-eight have been made about 
the hip, the bandage is carried down to the extremity in spiral turns. Spiral 



Fig. 2. Long Plabtkh Spica Including the Foot. Dn'ssinf; for fractures of the femur. 


turns, beginning at the pelvis, are carried upward about the abdomen, I’eturncd 
to the pelvis, and carried down the extremity. This is continued with spiral 
turns to the abdomen and extremity, and figurcs-of-cight abont the hip until 
the dressing is of the desired strength. 

The weak portion of the spica, over the groin, is reibiforced anteriorly and 
laterally by layers of plaster rollers extending from well above the pelvis to the 
knee and incorporated between the layers of the spiral turns. Strips of bass¬ 
wood may be used in the same manner. The turns, as they are made, are 
smoothed with the hand, and the plaster thoroughly worked into them. After 
completing the application of the plaster, a semi-circular portion is removed in 
front by making a cut extending from the upper border at the sides to the 
level of the umbilicus. This, with the removal of the abdominal pad, gives 
more freedom to the respiratory movements. The edges of the dressing above 
and about the perineum are now trimmed. If the foot is included in this 
dressing, it should be well padded on the dorsum, and hold in the right-angled 
position. If flexion is less, drop-foot will result, causing considerable difficulty 
in walking after the removal of the dressing. 

Bexioval of Circular Plaster Dressings,—Several instruments have been de- 
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vised for cutting plaster dressings. Of these, Stillo’s shears are most useful. 
The ordinary knife with a short, stout blade is, however, quite efficient. The 
plaster is moistened along a straight line with hot water, or H 2 O 2 , and cut 
through with a knife. There is diminished resistance to the knife when the 
lower layers of the plaster are reached. These with the sheet-wadding are cut 
with heavy bandage scissors and the sides of the dressing forcibly pulled apart. 

Bemoval of Plaster from the Hands.—To prevent the plaster from sticking 
to the skin, one may thoroughly anoint the hands with vaselin before beginning 
the plaster work. After completion of the work, the hands are washed with 
soap and warm water, which leaves the skin soft and clean. If the hands have 
not been previously anointed with vaselin, they may be washed in a solution of 
sodium carbonate, a teaspoonful to a basin of water. Friction with granulated 
siigar of corn-meal may be used in removing the plaster. Rubber gloves may 
bo worn. 


PLASTER-OF-PABIS DRESSING FOR SPECIAL FRACTURES 

In the application of plaster dressings for fractures, it must bo home in mind 
that the function of the dressing is only to retain the fragments in the corrected 
position, and not to reduce displacement. Replacement of the fragments should 
therefore be made as complete as possible, and the limb should be held firmly 
in the corrected position both during the application of the dressing and the 
hardening of the plaster. 

EFIFHYSEAI. FRACTUBE OP THE UPPER ElTD OF THE HUMERUS 

The muscles inserted into the tuberosities draw the upper fragment up¬ 
ward and forward, so that the articular surface of the head looks downward. 
Further elevation is prevented by the impinging of the greater tuberosity on 
the acromion process. Codman (5) has shown that when the arm is rotated in¬ 
ward and abducted to the horizontal, the greater tuberosity impinges on the 
acromion process and prevents further elevation of the arm on the scapula, and 
that for further abduction, it is necessary to rotate the arm outward. The 
upper fragment, being rotated inward and drawn forward, is anatomically fixed 
in this position by the contraction of the muscles inserted into the tuber¬ 
osity, and by the counter-impinging of the greater tuberosity on the acromion 
process. 

In an open operation on one of these fractures, Albee (1), after wiring the 
fragments and attempting to bring the arm to the side, noticed that the upper 
fragment was so firmly fixed that it would not rotate downward, and the wire 
began to cut through. Ho therefore elevated the arm forward and slightly out¬ 
ward, with slight inward rotation of the humerus, and flexed the elbow at a 
right angle. 
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Dressing. With the shoulder, arm, and forearm in the above position, a 
plaster-of-Paris spica is applied, reaching!; from the wrist to the waist. Tho 
patient is kept in bed during the first week after tho application of tho dressing, 
the weight of the dressing and the arm being 
supported by suspension. At the end of 3 
weeks tho dressing is removed, and massage and 
passive motion begun. 

PBACTXmE OP THE SUBGIOAI. NECK OF THE 
HUMEEUS 

The action of the muscles tends to displace • 
the lower fragment upward and inward, and to 
flex, abduct, and externally rotate the upper 
fragment. As in the epiphyseal fracture, the 
capital fragment is too small to be directly in¬ 
fluenced by the splints. The lower fragnuent 
must therefore be brought into alignment with 
the upper. The dressing applied by Albee in 
•the treatment of fracture of the upper ej)iphysia 
may be used in this fracture. Anterior and 
posterior moulded splints (Tlitzrot, S) forming 
a cap for the shoulder, with axillary pad, may 
bo used also. 

Application. The forearm is flexed and supported at tho wrist by a sling. 
A modified Stromeycr cushion is placed in the axilla and firmly held in position 
by a bandage over the opposite .shoulder, and about the waist. I’lie cushion 
should extend from tho apex of tho axilla to just above the internal condyle of 
the humerus, and should bo broad enough at its base to bring tho lower fragment 
into proper alignment. If the cushion is too short, there is danger of causing 
angulation of the fragments. It shoidd be sulTiciently firm to maintain its shape 
under pressure of the arm. 

Strips of adhesive plaster arc applied to tho arm, extending from the level 
of the deltoid insertion to 0 inches below the.elbow. These are held by an as¬ 
sistant, who applies traction, or a weight of from .^) to 10 pounds is attached 
to the ends. The posterior .splint begins at the base of the nock and extends 
down the arm and foreann to tho wrist. The anterior splint begins at the 
vertebral column, passes over the scapula and posterior si)lint above tho shoulder 
joint, and down the arm and forearm to the wrist, tho latter joint being left 
free. With the lower fragment appropriately abducted, traction is made upon 
the adhesive strips, and tho corrected position carefully maintained by an 
assistant, while tho surgeon applies and gently moulds the splints to the limb. 

The splints are held in position by a muslin bandage extending from the 
wrist, with a spica to the shoulder. The latter aids immobilization and opposes 
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overriding. If overriding occnra, the shoulder cap formed by the crossing of 
the 2 splints rises above the shoulder, so that the finger may bo introduced be¬ 
neath it. A weight attached to the adhesive strips or to a bandage over the 
elbow is useful to prevent overriding, or to overcome shortening which may 
have occurred. As the action of the muscles tends constantly to produce dis¬ 
placement, and as it is diftlcult to fix the upper end of the splints so as to prevent 
overriding, the dressing should be examined at frequent intervals and readjust¬ 
ment made when necessary. Points of pressure should be.carefully watched,^ 
especially the nerves and vessels of the axilla, and the inner aspect of the arm. 
Massage is begun diiring tile third week. The splints are removed at the end of 
the fourth week, and active and passive motion begun. The forearm is sup¬ 
ported at the wrist by a sling for a week after the removal of the splints. 


FBACTIJBE or THE SHATT OF THE HTJMEEUS 

Displacement of the fragments varies with the site of fracture. If the 
fracture is in the upper third of the shaft, the ui)per fragment is displaced 
inward by the action of the pcctoralis major, and the lower fragment is drawn 
upward by the deltoid. In the middle and lower thirds, the upper fragment is 
drawn forward and outward by the deltoid, udiile the lower fragment is dis¬ 
placed upward and backward by the triceps. Reduction is accomplished by 
traction upon the flexed forearm and manipulation of the fragments. 

Dressing.—The above described anterior and posterior moulded splints with 
axillary pad is an eflicient dressing for these fractures, especially if there is a 
tendency to displacement of the fragments. The Stromeyer cushion should be 
about 3 inches wide at its base, so that the arm is but slightly abducted. A 
moulded plaster-of-Paris splint forming a cap for the shoulder may bo used. 

This dressing is prepared in tlie following manner: A pattern correspond¬ 
ing to the dimensions of the splint is made by placing a piece of muslin upon 
the shoulder, anterior, and posterior aspects of the chest, and outer side of the 
arm and forearm, and cutting it to fit the parts. The pattern is then laid upon 
the table, and from 6 to 8 thicknesses of crinoline are cut to correspond. These 
are soaked in plaster cream and laid one upon the other, the plaster being thor¬ 
oughly worked into the meshes by the hands. Six-inch plaster rollers may bo 
used instead of the pieces of crinoline. These are Unrolled back and forth over 
the pattern until the desired thickness has been secured. The edges are trimmed 
with scissors to correspond to the pattern. Several layers of sheet-wadding, a 
little larger than the pattern, arc prepared, and the splint placed upon these. A 
firm axillary pad, giving slight abduction to the arm, is applied, and the forearm 
is supported by a sling at the wrist. 

With the limb firmly supported by an assistant, the surgeon applies the 
splint and gently moialds it to the parts. It is held in position by a muslin 
bandage about the forearm, arm, and chest, the opposite axilla being protected 
by sheet-wadding. This dressing does not exert active traction upon the lower 
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fragment and its application is therefore limited to cases in which there is 
little tendency to displacement. The dressing sho^ild bo removed once a week, 
and the parts carefully examined. If displacement has occurred, it should bo 
corrected if possible. As the swelling subsides it is necessary to replace the 
splint with a new one. The fluoroscopc is a valuable adjuvant in the applica¬ 
tion of the dressing to these fractures. 

Massage is begun during the tliird week. 

Union is usually firm in from 3 to 4 weeks 
in children, and in from 5 to 0 weolcs in 
adults. Removal of the splints will depend 
upon the solidity of the callus. Delayed 
union, the result of improper fixation of the 
fragments, is quite apt to occur in th(*.so 
fractures. 

After the removal of the moulded splints, 
coaptation splints of basswood are ap])lied, 
or those portions of the moulded splints ap¬ 
plied to the arm are left. C'oaptation s])lints 
are worn for one week, tlu; .sling used for 
one week after all dressing has been removed. 

In fractures of the sliaft of the hnmenis, 
a carefxil examination .shoidd bo made to 
determine whether injury to the, mu.sculo- 
spiral nerve has occurred. This injury is 
most common in fractures of the middle 
third. If the injury is not determined at the time of the applicaition of the 
splints, but later upon their removal, the cause of the paralysis cannot be read¬ 
ily determined, and the patient may attribute the result of injury to faulty 
application of the splints. 

FEAOTUEES OF THE LOWEE ENB OF THE HUMEEUS 

Because of the proximity to the joint, it is most important to secure accurate 
reduction of the fragments, and to fix these, so as to prevent the two common 
forms of displacement, viz., overriding and lateral angular deformity. There is 
considerable diversity of opinion among surgeons as to the position in which the 
•elbow should be placed in the treatment of these fractures. As a general rule, 
however, the position of the forearm on the arm, in a given fracture, shoxild be 
that in which it is found by manipulation that the fragments are be.st retained 
in position after reduction. The following positions are employed: ^ (1) acute 
flexion; (2) flexion at a right angle, or slightly beyond; (3) extension. 

In snpracondyloid fracture, fractures of the internal cpicondyle, fracture of 
internal and external condyles, acute flexion reduces and retains the fragments 

in position. 



Fill. ■!.—Moulded I’lasteu-op-Paius 
Splint fou Use in Tueatment op 
FkACTUUES of SlIAiT OP HUMBUUS. 
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Supracondyloid Fracture.—Of the two varieties, flexion and extension frac¬ 
tures, the latter is the most common. En this fracture the lower fragment is 
displaced backward and upward. Reduction is accomplished, under anesthesia, 
by hyperextension of the elbow, traction on the forearm, counter-traction and 
pressure backward on the upper fragment, and flexion of the elbow. 

In the acutely flexed position, the untorn periosteum on the posterior surface 
of the humerus, and the triceps, together with the fasciie posteriorly and later¬ 
ally, hold the fragments reduced. In this position also the forearm prevents 
forward riding of the upper fragment by the pressure exerted on the latter by 
the parts within the flexure of the elbow. E.usk (11) has shown in an X-ray 
of one of these fractures that, in extreme flexion, the coronoid process of the ulna 
can impinge against the anterior margin of the lower end of the upper fragment 
and prevent anterior displacement. The degTce of flexion which can be used 
will depend upon the amount of swelling of the soft parts. If this is marked, 
the flexion must be less. 

DRESSING. —The circular plaster dressing described by Lusk is applied in 
the following manner: A layer of absorbent cotton is placed between the skin 
surfaces at the flexure of the elbow. A flannel bandage is applied to the lower 
portion of the forearm and upper portion of the arm, the flexure of the elbow 
remaining free so as not to interfere with extreme flexion. A few turns of a 
plaster roller are applied about the wrist and upper portion of the arm sepa¬ 
rately, then about the two together, and made to include the elbow, which is pro¬ 
tected laterally and posteriorly by sheet-wadding. The circular turns applied 
to the wrist and upper portion of the arm prevent the dressing.from slipping; 
the turns including these two maintain flexion and prevent lateral displacement. 

The limb should be inspected frequently during the first few days. The radial 
pulse is carefully watched for signs of compression of the vessels at the flexure of the el¬ 
bow. The position gives some discomfort, but should not cause actual pain. The latter 
symptom indicates too great pressure, and calls for a decrease in the angle of flexion. 

This dressing holds the fragments flrmly in position, btit acute flexion may 
itself cause an angular displacement by a tilting forward of the lower fragment. 
In eases where the swelling is marked, the angle of flexion must be decreased. 
Some surgeons prefer the position of flexion at a right angle, or slightly be¬ 
yond it. 

APPLICATION OP SPLINTS. —In this position, anterior and posterior splints 
may be applied. These are well padded with sheet-wadding and extend from* 
the level of the axilla to the middle of the palm and dorsum of the hand. They 
are held in position by adhesive strips and a muslin bandage. The forearm is 
supported at the wrist by a sling. A posterior moulded splint combined with a 
U-shaped splint about the elbow (Ilitzrot, 9) may be used. To prevent the gun- 
stock deformity, the arm of the U over the inner side of the forearm is placed a 
little more upward than the posterior limb of the splint. The forearm is sup¬ 
ported at the wrist by a sling. 
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The position of extension is an uncomfortable one. In some cases, however, 
because of the tendency to recurrence of displacement, it may bo necessary. 
After a week or 10 days in this position, the elbow may bo flexed to a right angle. 
Inteiiial and external mouldcxl splints are applied, extending from the axilla 
to the webs of the fingers. These are held in position by adhesive strips, and 
■the entire extremity bandaged with a muslin bandage. 

In the treatment of these fractures it is most essential to preserve the normal 
carrying angle, and in the application of splints the proper dej^reo of abduction 
of the forearm must be maintained. If the normal angle is destroyed, it should 
bo restored. A circular dressing extending from the axilla to the middle of the 
hand may be used also. Splints are removed once a week and re-applied. Mas¬ 
sage is begun after subsidence of the swelling, tha posterior splint being loft in 



Fio. 5.—^Anterior and Posterior Plaster .Splints Applied. Drossini? for fractures high up the 
forearm and at the elbow and lower portion of the arm. 


position meanwhile. The splints are removed at the end of the fourth or fifth 
week, and passive motion begun. Function is usually restored, especially in 
children. In children, whore there is no displacement, union is sufficiently finn 
in two weeks to pennit of the removal of the splints. The forearm is supported 
in a sling at the wrist for another week. After removal of the splints, a firm 
bandage is applied to the elbow for support. 

Fracture of the Internal Epicondyle.—Immobilization with the elbow in 
hyperflexion to relax the pronator radii teres ^nd the superficial flexor muscles 
of the forearm, which tend to draw it forward and downward. This position is 
maintained until union is firm. Union is firm, as a rule, in 2 weeks in children. 
'The forearm is carried in a sling for another week. 

Fracture of the Internal Condyle.—In this fracture the principal point to bo 
considered in the application of the dressing is the prevention of displacement' 
upward of the lower fragment, thereby causing adduction of the forearm. In 
as much as the lower fragment is too small to be influenced directly by the 
splint, its position must be controlled through the ulna to which it is attached. 

In applying moulded splints, the surgeon must exercise care to keep the 
fragment well down in position while the plaster is setting. If the right-angled 
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position is used, the forearm is supported at the wrist by a sling. No pressure 
upward on the elbow is permitted. Union usually results in .3 weeks. Ihe sling 
is used for 1 week after the splints are removed. Caro should bo taken not to 
force passive motion. 

Fracture of the External Condyle.—It is often more difficult to reduce dis¬ 
placement of the fragments than to maintain them in the correct position after 
reduction has been accomplished. After reduction is made as complete as pos¬ 
sible, the forearifi is hyperflexed and a posterior moulded splint extending from 
the shoulder to the wrist is applied and held in position with strips of adhesive. 
If the right-angled position is iised, anterior and posterior moulded splints are 
applied as in supracondyloid fractures. 

T- or Y-shaped Fracture.—Because of comminution and displacement of the 
fragments, these fractrircs arc quite certain to result in marked limitation of 
motion in the elbow joint. Reduction should he done under anesthesia. As a 
rule, the fragments are best held reduced by the acutely flexed position. In 
cases where tlu'ro are considerable comminution and disjdacement, deformity, 
such as a widening of the joint, with anteroposterior thickening, is quite liable 
to occur. This results in limitation of motion. In these cases the forearm 
should bo placed in the position which will give the best functional result if 
stiffness occurs. The elbow is flexed to a right angle, or slightly beyond, and 
anterior and posterior moulded splints, described above in the treatment of 
fracture of the surgical neck, ai’o applied. 

In applying these, they should be carefully moulded to the elbow joint and 
held firmly at and above tbe condyles wbilc the plaster is setting. Splints aro 
removed once a week and re-applied. Gentle massage is begun at the end of 
the second week, with the posterior splint in position. Splints aro removed at 
the end of the fourth week, aud the forearm is supported by a sling. The 
patient is encouraged to make .slight active movements increasing the range of 
motion a little each day. Forcred movements shoTild not be made until the end 
of 5 or 6 wetiks. Full use of the arm is not })onnittcd until the tenth week. 

Separation of the lower Epiphysis of the Humerus.—I'lie elbow is placed in 
the right-angled position, and anterior and posterior moulded splints, used in 
the treatment of supracondyloid fractures, aro applied. Special precaution 
should be taken to prevent inward displacement of the lower fragment. 

FBACTUBE OF THE OliECBANON PROCESS 

As a rule, there is little separation of the fragments in this fracture. The 
periosteum, the lateral aponeurotic attachments and ligaments, and the ex¬ 
tension of the insertion of. the triceps along the lateral and posterior surfaces 
of the olecranon prevent this. Two positions of the forearm are used in the 
treatment of this fracture, viz., fyll extension and partial flexion. 

Full extension gives closer apposition of the fragments, because, as Stimson 
(13) observes, the triceps cannot draw the fragment above the position which it 
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takes in complete extension unless the li<*’ainents kindinc^ it to the linnienis avo 
torn, a complication wliicli hii])pens only rarely. In cases where this is separa¬ 
tion of the fraj^ncnts, which is iiuo'eased hy llexiii”' the elhow, this position must 
he used. 


The denToo of flexion which may he used will di'ixanl nj)on the anionnt of 
separation of the tragi iiOTits. If this is slight, and is not in(*reased hv Ih'xion, 
or if the fragments can he (“asily ap])roxiniated h\' gentle downward pressure on 



fiu. 0.—Moulded Pt.\STEu Splint pon Frautitiie op tub Olei'uanon. Arm in oxlimsion. Splint 
hold in position by adliosivo stiaps. Note strap apijlicd ohlnun'ly so as to dnif^ downward on the 
loose upper fragment. Fingers ar(» slightly fh‘x<‘<l. 


the upper fragiuent, this jiosition, which is the more comfortahle one, may be 
employed. 

In either position an intmaial moulded s])lint ('xtending from the a.villa to 
the tips of the fingi'rs is ajiplied. d'he tingm's ari; slightly Hexed and piece's of 
sheet-wadding are placed hetween them to pi-i'vent chafing. The .sjdint is held 
in position hy 4 .strips of adhesive, ])laced circularly about the limb, two above 
and two below the elhow. An ohlicjiudy jilaced strip of adhesive is so adjusted 
as to draw downwanl on the u])i)or fragment. A muslin rolh:r bandage is ap¬ 
plied from the fingers to the axilla to jnevent swelling of the baud. If the posi¬ 
tion of partial flexion is usial, the splint is reinforced at the angle by addi¬ 
tional layers of a ydastcr rolhw. 

Massage is begun at the cud of the second week, and slight active and pas¬ 
sive movements during the third wedv. I’nion occurs usually in 4 weeks, 
the splints are removed, and the elhow is .sujiportiMl hy a bandage. 


FRACTURE OF THE CORONOID PROCESS 

With the forearm semipronated, tin' elhow is immobilized at a right angle, 
or an acute angle, depending upon the degree of displacement of the fragment 

47 
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by the brachialia anticus. Anterior and posterior moulded splints extending 
from the axilla to the wrist are applied and held in position with strips of 
adhesive. Light passive and active movements are begun during the third week, 
at the end of which splints are removed. The forearm is supported in a sling 
for another week. 

FBACTXTBE OF THE HEAD AND HECK OF THE BADroS 


If there is no marked displacement of the fragments, the elbow is flexed to a 
right angle or beyond, the forearm is placed in the position midway between 
pronation and supination, and anterior and posterior moulded splints, extend- 



Fio. 7 .—U-Shafed Moulded Puisteb Splint eor Fbactdrb op Forbabu. 


ing from the axilla to the middle of the palm and dorsum of the hand are ap¬ 
plied. The U-shaped splint may be used, as in fractures of the shaft of the 
radius and the ulna. The forearm is supported at the wrist by a sling. 

Massage is begun in 10 days or two weeks. Union occurs, as a rule, in three 
or four weeks. The splints are then removed and the sling continued for an¬ 
other week. Attention must be paid to the movements of pronation and supina¬ 
tion. They should be made passively at the end of the third week. 

FBAOrtTBE OF BOTH BONES OF THE FOBEABM 

In these fractures it is quite essential to secure accurate reduction and re¬ 
tention of the fragments, for the movements of pronation and supination are 
easily interfered with, or lost by displacement or failure of union. Reductidn 
is effected by traction, counter-traction and direct manipulation of the frag¬ 
ments near the seat of fracture, with the thumbs in front and the fingers be¬ 
hind. 

The position of the forearm in most cases is that which is midway between 
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supination and pronation. This is the most favorable for the following.reasons: 
(1) When the radius is brought into semipronation (so that the thumb will 
point upward), the bones are most hearly parallel, and at the greatest possible 
distance from each other. (2) It is the natural position assximed when the 
forearm is suspended beside the body, with the elbow flexed at a right angle. 
(3) It is the position which affords most comfort. 

With the forearm hold in the above position, anterior and posterior moulded 
splints, extending from well above the elbow to the middle of the palm and dor¬ 
sum of the hand, are applied. These are held in position by adhesive strips and 
a muslin bandage. The extension of the splints above the elbow joint gives bet¬ 
ter fixation and opposes shortening. A U-shaped moulded splint (Stimson) 
beginning at the middle of the palm, extending up the flexor surface of the fore¬ 
arm, about the back of the elbow, and down the* extensor surface of the fore¬ 
arm to the dorsum of the hand, is an efficient dressing for these fractures. 

The splints should be as wide as the most muscular portion of the forearm. 
Although union of the callus of one bone to that of the other is infrc(picnt, it 
is most apt to occur if the splints arc narrower than the forearm, thus pressing 
the bones together. A circular plaster dressing should not be used during the 
first week after injury. When swelling has subsided, this dressing may be used, 
special care being taken not to exert any lateral pressure. Gangrene or 
ischemic contracture is very apt to follow too tight application of splints in 
these fractures. 

With the subsidence of the swelling, the splints may be made narrower by 
cutting away a strip along the entire length of the edge. The entire forearm 
is supported by a sling, the hand being left frcic. 

The splints are removed once a week and readjusted. Massage is begun during 
the third week. At the end of the fourth or fifth week union is usually firm and the 
splints are removed. Passive and active movements aro begun, special attention being 
given to the movements of pronation and supination. 


FEACTURE OF THE SHAFT OF THE ULNA 

Reduction is made by pressure on the displaced fragments, traction being 
practically without value. Jjateral displacement toward the radius is the most 
important, and this is corrected by pressing the thumb and fingers between the 
bones. As the radius acts as a splint to prevent overriding, the forearm is 
placed in the position of semipronation, and anterior and posterior moulded 
splints, like those used in fractures of both bones of the forearm, are applied. 
The forearm is supported in a sling, care being taken to avoid too groat pressure 
upon the ulna. The after-treatment is the same as in fractures of both bones. 

FEACTUEB OF THE SHAFT OF THE RADIUS 

Displacement varies according to thq seat of the fracture. Angular dis¬ 
placement, with the apex of the angle directed forward and inward, is the more 



724 


PLASTER-OF-PAEIS DEESSINGS 


common ^orm. If the fracture is in the upper third, i. c., above the insertion 
of the pronator radii teres, the upper fragment is completely siipinated by the 
biceps, while the pronator muscles displace the lower fragment inward and 
fully pronate it. 

In fractures at or below the middle of the shaft, the ui)per fragment is 
drawn forward by the biceps and inwaid by the pronator radii teres, while the 
lower fragment is drawn toward the ulna by the pronator quadratus. Eeduc- 
tion is made by traction upon the wrist and by exerting pressure over the ends 
of the fragments. Pressure with the fingers and thumb between the bones may 
help to bring the fragments into the correct position. If the fracture is in the 
lower third, and the lower fragment is displaced inward, traction on the hand 
downward and toward the ulnar side may bring the fragment back into posi¬ 
tion. 

If the fracture is above the middle of the bone, the forearm is held in the 
supinated position. If the fracture is below the middle third, the forearm is 
held in the position of semi pronation. In each case the elbow is ficxed to a 
right angle, and the forearm is firmly held by an assistant, while anterior and 
posterior moulded splints, used in treatment of fractures of both boiies, are 
applied. The after-treatment is the same as in fractures of both bones. In 
fracture of the shaft of the ulna or radius alone, the same precautions as to the 
width of the splints should bo observed as with fractures of both bones. 


COIJiES’ FRACTUBE 

In this fracture, the following displacements of the lower fragment may 
occur: (1) Toward the dorsal or extensor surface of the forearm, (2) toward 
the radial side of the forearm, and (,‘3) there is often an axial rotation on an 
anteroposterior axis. Complete reduction is essential to prevent permanent de¬ 
formity, and this is carried out in the following ways: (1) In the simpler cases, 
the surgeon grasps the patient’s liand with his corresponding hand and makes 
traction, at the same time making direct pressure upon the dorsum of the lower 
fragment. (2) If impaction has occurred, a general anesthetic will bo re¬ 
quired for reduction. The fragments are grasped fiimly between the thumb 
and fingers and the lower fragment freed from the upper by traction, back¬ 
ward, forward, and lateral movements, and ])ressed into place. Pressure is 
made upon the radial side of the lower fragment in order to correct the eleva¬ 
tion of the styloid process of the radius, which is brought about by the rotation 
of the lower fragment on an anteroposterior axis. With the hand and fore¬ 
arm in semipronation, the assistant makes traction on the hand and holds the 
fragments in the corrected position while the surgeon applies anterior and pos¬ 
terior moiilded splints. 

These should be a little wider than the forearm in its most muscular por¬ 
tion and should extend from a little below the elbow to the metacarpophalangeal 
joint. A crescentic piece is removed from the outer edge of the anterior splint 
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for the thenar eminence; a small wedge-shaped piece is cut from the inner edge 
of the posterior splint over the prominent head of the ulna. The splints are 
. well padded with sheet-wadding. 

Small retentive pads of gauze are sometimes necessary. The anterior of 
these is placed over the lower end of the upper fragment, the posterior over the 
dorsum of the lower frag¬ 
ment. • While the plaster is 
setting, the splints arc held 
firmly against the sides of 
the wrist «o as to hoop the 
radius and ulna together. 

Those splints, accurately 
moulded to the forearm 
hand, retain the fr:ignicnts 
and carpus in the corrected 
position better t h a ii any 

other. 

The forearm is carried in 

a sling adiusted to hear its Fia. 8 .—Motildei) Rvmntm fou Ooli.ks’Fractuhb. 

1 1 ' .1 . rpi 1 1 (Slinisou.) Note uroovos for tlifiiiir ciiuiiriioc! and head 

Wnole weight. I he hand of ulna. Splints applied with adhesive plaster. 

rests free from upward pres- 

stiro. The patient should he encouraged to exercise the fingers frequently, to 
prevent stillness due to tenosynovitis. 'The s])lints arc removed oncc.a week 
and reapplied. Massage is begun during the second week, only one splint at a 
time being removed during this. Passive motion of the wrist is begun during 
the second week. Union is firm at the end of throe weeks, and tin; splints are 
removed. The wrist is supported by a bandage or a leather bracelet. 

In the treatment of a reversed Colics’ fracture, the same splints are applied. 
There is a reversal of tho retentive pads, the anterior one being placed over the 
lower fragment, and the posterior one over the lower end of tho upper frag¬ 
ment. 

FRACTUEE OF THE BONES OF THE HAND 

A circular plaster dressing may ho used in fractures of tho carpal hones, or 
of the base or shaft of the metacarpals, hut it is most efficient for fractures of 
the thumb. In fractures of tho carpal or metacarpal bones, a circular plaster 
dressing extending from tho webs of tho fingers to two inches above the wrist 
is applied. In fractures of the bones of the thumb, the hand is covered with a 
cotton glove or flannel bandage, the thumb is extended and abduqjed and a 
plaster spica is applied. This should reach from the head of tho metacarpal 
bones below to one inch above tho wrist. Dressing is removed in 10 days or 2 
weeks. Massage, douching and active motion should be used after this 
time. 
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FEACTUEES OF THE FEMUE 

In fractures of the femur, com cue,! < niciit in plaster-of-Paris is used, 
as a rule, at some time during the ' ‘ nent. ilio plaster spica may 

be applied after union lias become well advanced by treatment with continuous 
traction, as in the older methods. It may be applied as a primary dressing in 
fractures of the neck, as recommended by Whitman, or in cases of fractures of 
' the shaft, in which there is no displacement, or in which displacement can be 
corrected by traction, counter-traction, and manipulation at the time of the 
application of the plaster dressing. It is also used after the open method, in 
which the fragments are fixed by plate or wire. 

Fractures of the Neck of the Femur.—That fractures of the neck of the fe¬ 
mur are the most difficult fractures to treat is evidenced by the unsatisfactory 
results following tlio ordinary methods of treatment. 

TREATMENT BY EXTENSION AND COUNTER EXTENSION: IIODGEN’S 
SPLINT. —In tliis method of treatment, displacement caused by the weight of 
the limb and the action of the muscles is corrected by sniiport equivalent to that 
destroyed by the injury. To this end, several forms of apjiaratus have been de¬ 
vised. Of these, the Ilodgen’s splint is the most convenient and satisfactory, 
for it gives more freedom of motion and is more comfortable to tbe patient. It 
is an especially serviceable splint in the treatment of fractures of the neck 
in elderly people who are too weak for tbe ambulatory metbod of treatment. It 
is used ftlso in the treatment of fractures of the shaft close above the condyles, 
and in fractures of the middle portion of tbe shaft in muscular subjects. 

The Ilodgen’s splint combines tbe princij)les of the double inclined plane 
and Buck’s extension. It consists of a rigid iron or steel frame made in the 
form of the letter U. The outer bar is a little longer than the inner, and ex¬ 
tends from the level of the anterior-superior iliac spine to 3 inches beyond the 
solo of the foot. The inner bar extends from the adductor longus tendon to the 
same level where the two are connected by a cross-bar. Above, the two bars are 
connected by a semicircular rod, which passes over tbe anterior surface of the 
thigh and is so placed that it is parallel to Poupart’s ligament. The side-bars 
taper with the limb and should be 74 iucb farther apart than the diameter of 
the limb at any point. The bars are bent at the knee to an angle of 130°. Two 
books are attached to each bar, one above, the other below. To these cords are 
fastened and brought over the limb to a traction cord which passes throtigh a 
pulley attached to an upright at the foot of the bed. To tbe traction cord a 
weight is attached. The adjustable Ilodgen’s splint shown in the figure is so 
constructed that the length of the side bars, the width between them, and the 
angle at tbe knee can be varied. The splint can therefore be adjusted to any 
limb and applied to either right or left side. 

Pkepara'i ion of TiiK Splint. —Strips of flannel bandage 6 inches wide are 
cut in lengths, a little in excess of the circumference of the limb at the levels to 
which they are to be applied. These are applied to the side-bars in the follow- 
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ing milliner: Tlio strips arc passed over the bars with the free ends external. 
The lower end of tlie strip is brought up over tlie bar for an inch or more. The 
upper ( Jed over the lower, and-the 4 thicknesses of hiindiige are. 

made fast wuh safety pins. This makes a trough in which the limb rests. The 
strips should be so adjusted that the side bars will bo a little below the level of 
the anterior surface of the limb. 

Application op the Splint to the Limb. —The limb is shaved, and the 
skin thoroughly cleansed with soap and water followed by alcohol. Strips of 
moleskin adhesive plaster, which is stronger and less irritating to the skin than 
the ordinary adhesive plaster, are cut 3 inches in width and long enough to 
reach from just above the knee to four inches beyond the solo of the foot. 
Oblique cuts are made along the edges of thesp, so that they may bo applied 
more readily to the part. 

About 3 inches above the malleoli, the strips arc cut obliquely on each side 
for one-third the width, and the sides below this arc folded over each other so 
as to cover completely the adhesive surface. Similar strips arc prepared for 
the thigh and made sufficiently long to reach from the trochanter on the out¬ 
side and the adductor longus tmidon on the inner side to one foot beyond the 
knee. Oblique cuts are made also along the edges of these stri])s. The adhesive 
surface of the .strips is now heated over an alcohol lamp or moistened with 
ether, and the strips arc applied to the leg and thigh respectively. A flannel 
or muslin roller bandage, beginning at the toes, is applied to the foot, ankle 
and lower 3 inches of the leg. It is then made to include the adhesive strips 
and carried up over the knee. About inches above the knee it includes the 
adhesive strips applied to the thigh, and is carried to the upper portion of the 
latter. 

The limb is now placed in the trough of the splint, and the sides adjusted. 
The traction strips applied to the leg arc fixed to the cross bar at its junction 
with the side bar, care being taken to have the width of the cross bar sufficient 
to protect the malleoli from pressure by the strips. The ends of the strips ap¬ 
plied to the thigh are brought over a spreader of sufficient width to prcA^ent 
pressure of the strips on the condyles. A cord is attached to the spreader. The 
cords attached to the hooks on the side bars above and below are brought over 
the limb to the traction cord. The latter should bo arranged so that it is 15° 
to 30° from the vertical, and the weight should be sufficient to lift the limb free 
from the bed. 

The cord fastened to the spreader below the knee is passed over a pulley and 
a weight applied. To the suspension and traction afforded by the splint, there 
is additional traction in the line of the femur. I’lic upright which supports 
the splint is flxed to the foot of the bed and arranged so that it may be 
swung outward to give the desircti amount of abduction. When the limb 
is properly suspended in this apjiaratus, there arc traction in the line of 
the femur, flexion at the hip and knee joints, and abduction of the 

thigh. 



Fio. 9B. 

Fio. 9, A AND B.— Hodobn’b Suspended Splint. Splint used in the troatmout of fractures of ths 
femur. Note traction on lower fragment in linn of thigh. 
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• “ensured aud constantly maintained. The foot should he kept in the 

right-angled position, and the patient encouraged to exercise it daily. The splint re¬ 
quires watching and readjustment from time to time. The traction cords should be 
taut. Laxity of these indicates slipping of the splint. The bed should have a firm 
hair mattress and bo supported by fracture board.s beneath it to prevent sagging. The 
foot of the bed is raised 6 inches by blocks to secure counter e.xtension. The draw 
sheet must be kept smooth, aud the patient’s back rubbed with alcohol aud dusted with 
powder twice daily. 


After 5 or G weeks, wlieii union is fairlv^ well advanced, the splint is re¬ 
moved, and a long plaster spica inchuling the foot is applied. This is worn 
for 5 or G weeks. After the removal ol tlie spica, a long external lateral moulded 
splint is applied. ]\lassage and ])assivc motion jyc begun with the removal of 
the spica. Ihis is gii'en every other day, and the kmx) and hip joints moved. 
At the end of the fifteenth week all dressings ares removed, and the jiatient is 
permitted to hear light weight on the injured limb. 

XInimpacted fractures of the lu'ck may nnite, but often remain nnunited. 
Impacted fiacturcs nniti; readily, bnt with deformity. In these latter cases, 
the neck of the lemnr is dc'in'essed, giving rise to the condition of traumatic coxa 


vaia and, as inijiaction is most markisl on the posfei'ior snriace, there is ex¬ 
ternal rotation. The elleets of the elcsvation of the troehantcir arc shortening, 
external rotation, and limitation of abduction and Ilexion. In the older 
methods of treatment, viz., hy cxtimsion or immobilization, no special at¬ 
tempt was made to rculncc the deformity, hence the resulting functional 
disability. 

TREATMENT BV REDUCTION AND RETENTipN: WHITMAN’S ME'flfOD. 
—In fractures of the neck of the femur, in adults as well as in early life. 
Whitman (IG) has recommended and employed the following method of re¬ 
duction and retention, in which the alfected limh is placed in flui jmsition of 
abduction, which as nearly as possible corresjionds to the nonnal abduction of 


45°. 

Cases avitu lAri’AcrrTON. — Ihe patient is anesthetized, and the pelvis sup¬ 
ported by a spica stand. The sound limb is abducted to the normal limit to 
serve as a guide and to fix the pelvis. I’he assistant holils the injurc'd limb and 
with gentle traction slowly abducts it. The surgeon, at the same time, supports 
the joint with his hands aud press(!s gently downward upon the trochanter. 
When the normal limit has been ap])roximately reached, a long, closely fitting 
plaster spica is applied, including the foot. In this method, the abducted posi¬ 
tion-serves to reduce the defonnity, without altogether separating the frag¬ 
ments and completely breaking up the impaction. 

Cases Without Impaction. —If the fracture is complete, there is a marked ' 
tendency toward separation of the fragments. As a rule, the shaft is drawn 
upward, rotated outwa¥d, and displaced backward. 

The patient is anesthetized and jdaced in the position described above. The 
limb on the injured side is slightly flexed and rotated inward to disengage the 
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folds of the capsule that may have fallen between the fragments. Traction and 
counter-traction are made till the limbs arc shown by measurement to be of 
equal length. The assistant then abducts the extended limb on the pelvis, which 
is fixed by full abduction of the opposite limb. The operator at the same time 
supports the joint and presses the thigh upward from beneath to force the frag¬ 
ments forward against the tense anterior wall of the capsule. When the 
trochanter is firmly fixed against the side of the pelvis, the long piaster spica 
is applied. ‘‘This is strengthened beneath the joint by a bar of steel or alumi¬ 
num shaped like the Thomas’ splint, in order to support the femur in a plane 



somewhat above that of the trunk, and to prevent it from sinking backward 
below the inner fragment.” The outward rotation is corrected at the same 
time. 

In complete and unimpacted fractiires the abducted position adjusts 
the fragments and fixes them. T'he particular advantages of this position 
are: 

(1) “When the extended limb is plaeed in complete abduction, the trochan¬ 
ter is firmly apposed to the side of the pelvis, so that upward displacement of 
the femur is impos.sible.” 

(2) “Fn this .attitude the c.apsulc is made tense; ^lus it should serve to 
direct the frsigments toward one another.” 

(3) “The deforming influenpe of muscular contraction is removed, since 
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the abductor group is rohtxed, while tho contraction of the iliopsoas musclo in 
this position would draw the fraguicnis toward one another.” 

Subtrochanteric Fracture of the Femur.— Di.splaccnicnt of tho fraginonts in 
these fractures occurs as follows: 'I'lio upper fragment is Hexed and abducted, 
while the lower fragment overrides tlu; upper and is slightly (uidueted. Be¬ 
cause of tho position and shortness of the capital fragment, it cannot be directly 
influenced by the si)lint, and the lower fragment must therefore be brought into 
alignment with it, i. c., must be placed in the position of flexion and abduction 
with traction. This alignment is most satisfactorily accomplished by tho use of 
the Ilodgen’s splint, traction being made in the line of the elevated thigh. If 
this proves inofticient, open operation is indicated. After the sj^lint has been 
used for from 4 to G weeks, or after the oj)en operation, a long plaster spica is * 
applied with slight flexion and abduction of the thigh and Avith slight flexion at 
the knee. 

Fracture of the Shaft of the Femur.—In fractures of the shaft of the femur, 
without displacement, or in cases where disi)lacement can be corrected by trac 


tion with the patient anesthetized, the spica may be applied 
at once. To effect reduction, and to maintain the fragments 
in apposition while the spica is being applied, the method 
described by Iluntington (10) is (]uite sei-viceable. 

“A skein of heuAW Avoolen yarn is passed over each leg 
to serve as a medium for perineal traction. To ea(di of these 
is attached a cord whose distal ends are tied to a ring in the 
end Avail of tho room. Another similar skein is applied to 
the ankle of the affected limb with a clove liihdi. To this is 
attached a small set of pulleys, which in turn are anchored 
to tho wall at the foot of the operating-table, and the pulley 
rope intrusted to an assistant.” 

AVhile the steady pull is being made by the a.ssi.stant, 
tho surgeon manipidates the fragments to elTect reduction. 
If satisfactory reduction is accomplished, a long spica is 
fipplicd. 

When the foot is to be included in the plaster dressing, 
adhesi\^e strips may be used instead of the yarn. These are 
appli(Kl to the sides of the leg and thigh as high as the seat 
of fracture, and traction made upon them. They are in¬ 
cluded in the plaster and are cut off at the points of emer¬ 



gence upon completion of the dressing. In applying the Fio. lo. — Pi.a8tkb 
long plaster spica, care should be exercised to liaAe the op Shaft or Femuh. 
anterior-superior iliac spine, mid-patella, and middle of the 
ankle in the same alignment as on the normal side. In cases where the above 


method fails to overcome muscular contraction, continuous traction must bo 


applied. 

For fractures 


of tho middle two-fourths of the femur, Buck’s extension with 
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• omployocl. rf lateral displacement of the 
by Rardenhoiusr and Graess- 


'11 ad 


-> 0(1 


the Volkmann sliding rest is genci 
fragments is present, the lateral 1 
nera may be added. 

In the application of Ruck’s extension, the adhesive straps arc applied to 
the leg in the same manner as described for the Ilodgcn’s splint, but are carried 
up to the seat of fracture. These are held in, position by strips of adhesive 

placed circularly and spirally about the leg and 
lower fragment, or by a muslin bandage begin¬ 
ning at the toes. Beyond the sole of the foot, 
the ends of the traction strips are attached to a 
spreader with a weighted cord, the cord passing 
Over a pulley at the foot of the bed. 

W'hile steady traction is being maintained, 
a long posterior gutter splint of plaster-of-Paris 
is applied to the thigh, and three coaptation 
splints, one placed anteriorly, one internally, 
and one externally, are added, and the whole 
held firmly in place by strips of adhesive plas¬ 
ter passed circularly about tli<! thigh. A Volk¬ 
mann sliding rest is next adjusted. The foot 
of the bed is raised six inches by blocks to pro¬ 
vide counter-extension. The foot is kept in 
right-angled position by the footpicce of fhe 
I’est, and sand bags may be placed along the 
inner and outer sides of the limb to give addi¬ 
tional support. 

Traction by sufficient weight prevents 
shortening. The weight must necessarily vary 
with the individual, the amount of resistance 
to be overcome, and the degree of longitiidinal 
The weight is increased gradually as the com- 
Usually 15 to 25 pounds is required for adults. 



Fig. 11.—Plasteb-ok-Pahis Used for 
Fractubbs op the Siiavt op 
THE FeMUB on OF THE NeCK OP 
THE Femur. (David.soii.) 


displacement to be corrected, 
fort of the patient will permit. 

The effect of extension should be noted from day to day, and measurements 
made, until shortening has disappeared or has been reduced to a minimum. 
Slight abduction prevents outward bowing of the thigh, and the pulley over 
which the cord makes extension must correspond with the axis of the limb in 
this position. I'he Volkmann sliding rest prevents eversion of the foot, and 
therefore outward rotation of the leg with the lower fragment. The pos¬ 
terior gutter and coaptation splints prevent backward displacement of the 
fragments. 

If lateral displacement of the fragments ^ present, traction in opposite di¬ 
rections upon the ends of the fragments is made by attaching bands to weighted 
cords which pass over pulleys, one on each side of the bed. At the end of 5 
or 6 weeks, when displacements are no longer to be feared, the apparatus is re- 
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moved aud a loiia' plaster spiea, including the foot, is applied to furnish the 
neccssiii on till union is coiuplcte. This is worn for 5 or (5 weeks, 

and the ji. men permitted the use of crutches. !Massago and passive 

motion arc begun with the romo\al of the spica. 

Supracondyloid Fracture of the Femur. —Jn this fracture the upper end of 
the lower fragment is displaced backward, chiefly through the action of the 
gastrocnemiua lawlo,. oi 'i\ng, \;real:mcnl'm ftie extended position is 

usually unsatisfactory. To relax the gastrocnemius, the leg is flexed, and the 
Hodgen’s splint applied. The degree of flexion should he sufficient to bring the 
fragments into proper alignment. A pad placed behind the upper end of the 
lower fragment will assist in keeping the lower fragment lifted forward. After 
4 or 5 weeks the apparatus is rcjnoved and a loyg plaster spica, including tho 
foot, is applied. In tho application of the spica, care should he taken to have 
tho alignment the same as on tho sound sid(!. Tho patient is permitted tho 
use of crutches. At tho end of eight or nine weeks, union will usually be firm; 
tho spica is removed, and massage, active and ])assivo movements, are given 
daily. 

Fractures of the Shaft of the Femur in Young Children.—Vertical suspen¬ 
sion suggested by Schede is the most conveui(!nt aud satisfactory method of 
treatment. Adhesive straps are applied to each limb as in Ruck’s extension 
and then attached to a spreader htwond the soh; of tlu; foot. I'hc spreader 
is attached by means of a cord to a right-angled upright. 'I'ractiou should 
be sufficient to lift the nates free, from the bed. 'I’lie counterweight of the 
body acts to correct overriding, aud the sound limb serves as a splint to pre¬ 
vent angulation of the fragments. After ■] weeks, union is fairly linn, and 
a light plaster spica is appli('d, the foot being left free;. This is woni for 2 
or 3 weeks. 

Fractures of the Lower End of the Femur.—I’hcse are (a) intercondyloid 
fractures, (b) fracture of either condyle, and (c) separation of tho lower 
epiphysis. As in fractures of the lower (uid of the humerus, the chief objects to 
be sought are accurate reduction of the fragments and prevention of ankylosis 
of the knee joint. 

INTERCONDYLOID FRACTURES. —'Phesc arc T- or V-shapcd and extend into 
tho joint. If the main fracture is not oblicjm;', the tendency to overriding and 
angular displacement is not so marked, and the lind) may be immobilized in tho 
extended position by a long circular jdastcr dressing, extending from Poupart’s 
ligament and including the foot. The plaster should bo carefully moulded about 
the knee joint. If tho main fracture is oblique, it may be necessary to employ 
traction. This is accomplished by the use of the Hodgen’s siflint, with the leg 
slightly flexed. 

FRACTURE OF EITHER CONDiTLB. —Displacement is usually slight. As the 
lateral ligaments are tense when the leg is extended, this position gives more se¬ 
curity to retention. A eircular plaster dressing is applied as in the intercondy¬ 
loid fractures. In the application of the dressing in these fractures, special care 
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should be taken to have the anterior-superior spine, middle of the patella, and 
middle of the ankle in the same line as on the opposite side. Early massage is 
an important factor in the treatment. To provide for this, a removable plaster 
dressing is made. Passive motion should be begun at the end of 4 weeks. The 
plaster dressing is used 8 or 10 weeks. 

SEPAEATION OP THE LOWER EPIPHYSIS, —If separation of the fragments 
is closed, every effort should bo made to reduce the fragments without incision. 
As a rule, the lower fragment is displaced forward, the lower end of the upper 
fragment being drawn backward into the popliteal space by the gastrocnemius. 
Reduction may be accomplished by the method suggested by Reisman. The leg 
is strongly flexed, and traction is made upon the calf by an assistant, while the 
surgeon makes traction upwar^ on the thigh and at the same time pushes down¬ 
ward with the thumbs upon the upper border of the displaced epiphysis. If re¬ 
duction is successful, the leg should be flexed at a right angle, or an acute angle, 
and immobilized in a circular plaster dressing, extending from Poupart’s liga¬ 
ment and including the foot. At the end of 4 weeks, the leg is gradually ex¬ 
tended and a new dressing applied. This is removed at the end of the eighth 
week, and massage and light passive movements begun. 

FBAOTXJBE OP THE PATEZJCA. 

The degree of separation of the fragments depends upon the contraction of 
the quadriceps extensor cruris, the extent of the rupture of the lateral aponeu¬ 
roses, and the amount of distention of the joint by blood and synovial fluid. 
After absorption of the hemorrhage and effusion, the interposition of aponeu¬ 
rotic and periosteal shreds may prevent complete apposition of the fragments. 
An attempt to reduce the fragments should not be made until nearly all the fluid 
has been absorbed from the joint. In order to hasten absorption, the knee-joint 
is immobilized with the leg in the extended position upon a posterior moulded 
splint, extending from just above the ankle to the fold of the buttock. This 
should be wide enough to extend for a short way on to the sides of the thigh 
and leg, and should be moulded tj? the parts and held in place by a muslin 
bandage about the foot, leg, and thigh, the knee being left exposed. About the 
knee, an elastic bandage is flrnaly applied. If the limb is to be treated with 
massage, the muslin bandage is removed after the plaster has hardened, and the 
splint is held in position by adhesive straps passed circularly about the limb. 

When the swelling has subsided, the limb is elevated in order to relax the 
quadriceps extensor muscle, and the lower fragment is fixed by an adhesive 
strap, an inch or more in width, placed across the lower margin with the ends 
carried upward and backward" on either side to the back of the splint. The 
upper fragment is then drawn downward by traction with a similar strap passed 
across the upper margin and fixed to the posterior surface of the splint. This 
strap will need frequent adjustment. Adhesive straps cut in the form of a broad 
U will fit the part more accurately. To prevent tilting forward of the frag- 
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These a?o fi ^ l^^ld firmly by coaptation splints. 

spW wLT Po-tmu by adhesive straj. onoirclinj, the limb and posterior 
splint. When massage is given, the coaptation splints alone are removed. 




Pio. 12 .—Circular Plaster Dressing for Fracture op Bones op the Leo. A, Fracture of the 
patella. Applii^ after open operation or after union has occurred by treatment with posterior 
splint and adhesive strap. Fenestrum over patella. Note adhesive strap, a, shown by dotted line 
to prevent slipping of dressing. B, Fracture of bones of leg. (Scudder.) C Compound 

fracture of bones of leg. Fenestrum for dressing wound. (Scudder.) 
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At the end of 5 weeks union will bn found and this dressing is removed. 
A light circular plaster dressing is now applied and tlic patient permitted the 
use of crutches. The circular plaster dressing ai^plied in these cases, as well as 
after operation, should extend from the upper part of the thigh to about three 
inches above the ankle joint. To prevent slipping of the dressing, two straps of 
moleskin adhesive plaster, extending from above the knee to the sole of the foot, 
are applied to the sides of the limb. After several layers of plaster bandages 
have been applied, the lower ends of these straps are folded back over the end of 
the plaster and fixed by the subseqiient turns of the plaster bandages. 

This dressing should not bo too heavy and should fit snugly. In the plaster 
dressing applied after operation, a fenestrum is made over the patella. In 
these cases, it is well to reinforce the dressing posteriorly by extra layers of 
plaster bandages applied longitudinally and incorporated between the spiral 
turns. If massage is to be given, a I’cmovablc dressing is made by cutting the 
plaster along the median line in front before it hardens, and sponging it off the 
limb. Strips of leather supplied with lacing hooks arc stitched to the edges. 
Passive movements are begun at the end of the sixth week. The circular dress¬ 
ing is removed at the end of the eighth week, and a light posteiior moulded 
splint applied as protection against sudden accidental ilexion of the knee. The 
knee should be protected for 6 months. 

FBACTHBES of the tibia and fibula OB OF THE TIBIA ALONE 

In the treatment of simi)lo fractures of these bones, the choice of a dressing 
will depend upon (1) the degree of swelling, (2) the amount of displacement, 
and (3) the ability to retain fragments in the corrc(!tcd position after reduction. 

In fracture of either bone without displacement, and with but slight swell¬ 
ing, a circular plaster dressing extending from the toes to the middle of the 
thigh may be applied. Before the plaster has hardened, it is cut down along 
the median line in front and held by means of adhesive straps passed circularly 
about the dressing. The toes should bo watched carefully for signs of interfer¬ 
ence with the circulation. 

If subsidence of swelling renders the dressing loose, a new one must be ap¬ 
plied. At the end of 5 or 6 weeks union will be sufficiently firm to permit re¬ 
moval of the dressing, ^fassago, active and passive movements are begun. 

In cases with swelling and displacement, reduction of deformity should bo 
effected as early as possible, preferably under an anesthetic, by traction on the 
foot, counter traction on the thigh, with the knee slightly flexed, and by manipu¬ 
lation of the fragments at the seat of fracture. The subcutaneous crest of the 
tibia should ho brought into line and the fragments carefully held in the cor^ 
rected position while a posterior and a IT-shaped moulded splint are applied. 

The posterior splint begins at the toes, extends along the sole of the foot and 
posterior surface of the leg and thigh to the middle of the latter. The U-shaped 
splint extends from the middle of the thigh on one side, along the side of the 



PLASTER-OF-PARIS DRESSING FOR SPECIAL FRACTURES 737 

limb around the solo of the foot, and along the opposite side of the limb to the 
same height. Those are carefully moulded to the limb and held in position by 
a muslin bandage. After the plaster has hardened, the bandage is removed and 
the splints are held in position by adhesive straps or circular bandages, the crest 

of the tibia in the region of the fracture being loft exposed so that examinations 
can be made. 

At the end of 2 weeks the splints are cut so that the knee joint can bo moved 
and massage is begun. These splints can bo loosened to permit swelling, tight¬ 
ened as swelling subsides, and are easily removed when massage and passive mo¬ 
tion are to be given. 

In applying the circular plaster dressing or moulded splints, the patient is 



Fia. 13. CiRcuLAK Plaster Dressing for Fracture op Uoneb of the Leg. Fenostrum over 

cxtcrnul inalloolus. 


placed so that the hips rest at the edge of the table, with the normal limb rest¬ 
ing on a stool or chair. One assistant supports the heel with one hand, maintains 
right-angle flexion and slight adduction with the other and makes traction. A 
second assistant flexes the knee and supports the limb by placing one hand be¬ 
neath the lower portion of the thigh and the other hand beneath the upper por¬ 
tion of the leg. 

In cases in which there is comminution of the upper end of the tibia or in 
oblique fractures with displacement, where it is difficult to retain the frag¬ 
ments in position after reduction, continuous traction may be employed. 

Instead of the fracture box and the dressing suggested by Niell, a plaster- 
of-Paris dressing with extension and counter-extension (Lovett, 12) may be 
employed. 

The plaster dressing is applied in the following manner: The limb is shaved 
and the skin thoroughly cleansed. Moleskin adhesive straps are applied to the 
sides of the limb, extending upward and downward from the seat of the frac¬ 
ture. These are held in place by strips of adhesive p,assed circularly and spirally 
about the limb. The foot, leg and lower half of the thigh are inclosed in sheet 
wadding and a pad 2 or 3 inches in thickness is placed below the sole of the foot. 
A circular plaster dressing is now applied from the toes to the middle of the 
48 












. PLASTER-OF-PARIS DRESSING FOR SPECIAL FRACTURES 739 

thigh and straps supplied with buckles are incorporated in the sides about 3 
inches from the upper edge. The lower straps are brought out above the mal¬ 
leoli. Before the plaster has hardened, a slit is cut on each side of the ankle 
for the lower straps and a fenestrum is made over the seat of fracture, i^fter 
the plaster has hardened, the upper straps are brought over tho edge of the 
dressing and firmly attached to the buckles. The lower straps are fixed to a 
spreader with a cord attached for traction. Tho pad below the foot is removed. 
After 2 weeks, this dressing is removed and a circular plaster dressing applied. 

In fractures with considerable swelling and associated injuries to the soft 
parts, a temporary dressing is indicated. 

As a substitute for tho fracture box or Volkmann’s trough spliiit, the stock¬ 
ing or bivalve plaster splint of btimson (14) is^quite useful. It is prepared in 



Fia. 15.— Plaster Traction Splint for Fracture op Bones op Leo. Note adhesive straps for 
traction and space below sole of foot to allow for traction. 


the following way: Two pieces of muslin arc cut in the shape shown in the 
figure, and of a size to fit tho limb. These are stitched together along the median 
line. Twelve or fifteen pieces of crinolin, each a little smaller than a lateral 
half of the muslin pattern are prepared, soakod in plaster cream and placed in 
each half of the pattern, between the two layers. The splint is then applied 
smoothly to the limb and held by means of a muslin bandage. 

When the plaster has hardened, the muslin bandage is removed and the 
splint held in position by strips of muslin bandage applied circularly and tied. 

This splint combines the advantages of the Volkmann splint and later en¬ 
casement. It can be loosened or tightened as needs arise, permits easy inspec¬ 
tion to detect and correct deformity, and permits dressing of associated wounds. 

Marked displacement of the fragments should be corrected as far as possible 
before the application of the splint. Blebs are opened under aseptic precau¬ 
tions and dusted with an antiseptic powder. Associated wounds are cleansed 
and sterile gauze applied. 
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After swelling has subsided, a more accurate reduction of the fragments is 
attempted under anesthesia, and a permanent dressing is applied. If wounds 
of the soft parts have not healed, and a circular plaster dressing is applied, a 
fenpstrum is cut over the site of the wound. 

FBACTUBES OF THE FIBUI.A ALONE 

In these fractures, displacement, as a r\ilc, is slight for the tibia serves as a 
splint to prevent this. A circular plaster dressing is applied to prevent move¬ 
ment of the lower fragment by twisting of the foot. 

In fractures of the upper end of the fibula the knee is slightly flexed to 
relax the biceps femoris. 

POTT’S FEACTUEE 

With the spreading apart of the malleoli, there are lateral displacement of 
the foot outward and anterior posterior displacement of the foot backward. 

Reduction is best effected under anesthesia by mak¬ 
ing lateral outward pressure uj)on the internal mal¬ 
leolus, lateral inward pressure upon the foot, and for¬ 
ward pressure upon the heel. Retention is most satis¬ 
factorily maintaiiK'd by the use of the posterior and 
external lateral moulded splints of Stimson. 

These are made of 4-inch plaster rollers. The pos¬ 
terior extends from the toes, along the sole of the foot 
and up the calf nearly to the knee. 

The lateral splint begins just in front of the exter¬ 
nal malleolus, passes over the dorsum of the foot to the 
inner side, under the sole, and up along the outer side 
of the leg to the same height. 

These are snugly moulded to the limb and held in 
position by a itiuslin bandage and, while the plaster is 
setting, the foot is maintained in right angle flexion, 
inversion, and addtiction. After the plaster has hard¬ 
ened, the bandage may be removed and the splint held 
in position by adhesive straps or circular bandages 
about the foot, just above the ankle, and at the upper part of the leg. If there 
has been considerable displacement, the splints are carried to the middle of 
the thigh. 

These splints are preferable to complete encasement in plaster because they 
permit inspection of the inner side of the ankle, can be easily loosened to allow 
for swelling and can be tightened as swelling subsides without disturbing the 
position of the fragments. 

Massage of the exposed parts is begun during the third week. Splints are 
removed in 5 or 6 weeks. 



Fio. 16. —Stocking oh Bi¬ 
valve Splint fob Fuac- 
TUBE OP Bones of Leg 
WITH CoNSIDEBABLB 

Swelling opSo»'tPakts. 
A substitute for Volk- 
mann’s troufch splint or 
the fracture box. (Stim- 
Bon.) 
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FEACTUEE OF BONES OF THE FOOT 

The skin of the foot and leg should he thoroughly cleansed and covered with 
a sterile dressing. The heel and ankle should he well protected hy sheet-wad¬ 
ding and a posterior moulded splint extending from the toes to tin? knee may 
be applied and held in jiosition with a handage. 

After swelling has subsided, a removable circular plaster dressing is applied 



Fiq, 17 ,_POSTEKIOR AND EXTERNAL LATERAL PlASTER SpLINTS FOR POTT’s FrACTDRE. (StimSOn.) 

Note (a) —exposure of iuucr side of ankle. 


to the foot and leg with the foot in the right-angle position. Special care should 
be taken to have the heel and malleoli well padded. 

For the application of this dressing an anesthetic should be given and dis¬ 
placement corrected. 

In fractures of the metatarsal bones, a felt pad shotild be placed on the 
plantar surface to assist in supporting the transverse arch. 

In fractures of the tarsal bones, the circular dressing should be worn for 6 
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or 8 weeks. In fractures of the metatarsal bones, the dressing is worn for 4 
weeks. If pain persists when the patient begins to walk a metal insole should 
be worn. 


PLASTER JACKETS 

The plaster jacket has its widest application in the treatment of tuberculous 
disease of the spine. It is used also in the treatment of lateral curvature, in 

cases in which the deformed spine is 
painful, and in fractures of the verte¬ 
bras. As with splints applied for 
fractiires, the jacket is not used to 
correct deformity, but to immobilize 
the spine, and thus protect the affect¬ 
ed vertebrfe from injury during the 
process of repair,' and to limit any 
increase of deformity. Again, as in 
fractures, the plaster jacket should 
extend sufficiently above and below 
the affected part to secure complete 
immobilization, and all bony promi¬ 
nences, including the deformity, 
shoiild be protected from pressure by 
proper padding. 

Jackets are made by applying layers of plaster bandages aroiind the trunk, 
after the improved position of the spine has been seciired by traction or hyper¬ 
extension. During the application of the jacket, the patient is cither in the 
upright or the recumbent position. In the recumbent position, he may be 
placed either prone or supine. 

APPLIOATION OP JACKET WITH PATIENT SUSPENDED (SAYEE) 

The patient’s clothes are removed, and the skin thoroughly cleansed with 
soap and water, followed by an alcohol rub and a dusting powder. A snugly 
fitting seamless undershirt, or tricot hose, is slipped over the head or feet. If 
the tricot hose is used, cuts are made in the mid-axillary lines and the ends 
brought up over the shoulders and tied. It is fastened beneath the perineum 
with a safety pin. The shirting should reach from the neck to the ankles. In¬ 
side this, two strips of muslin bandage, the “scratch bandages of Lorenz” are 
placed, one in front, the other behind. 

The head sling devised by Calot (12) is now’ adjusted. This consists of a 
circular piece of canvas 6 cm. wide (2.4 inches) and 168 cm. (67.2 inches) in 
circumference, to which is sewed a tailpiece 104 pm. (416.6 inches) long. The 
occipitofrontal circumference of the patient’s head is measured, and 2 cm. added 



Fio. 18 .—Latbrai. Plaster Splints for Frac¬ 
ture OP Bones of Leg. Prepared by first 
applying a circular plaster dres.sing and cutting 
it in the median line anteriorly and posteriorly. 
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to this. This Idng^h is measured off on the circular part of the sling, and safety 
pins are inserted iu such a way that the tailpiece conies in the middle behind the 
occiput. The sling is adjusted to the chin and occiput, and the two loops are 
fixed to the notches at the ends of the iron cross bar. The tailpiece is attached 
to the center of the bar and prevents the head from tilting backward. To the 
center of the bar is attached a system of ropes and pulleys, fastened to a crane, 
swung from the wall, or to a wooden tripod, or two ladders hinged at their upper 
ends. 

The arms are extended, and the hands grasp the cross bar. This aids exten¬ 
sion of the spine, and diminishes the strain upon the nock. The patient is then 
raised so that the tips of the toes touch the floor or a stool. The patient’s trunk 
should be on a level with the anus of the surgeon, seated and applying the 
bandages. An assistant steadies the legs, to prtjvent swaying of the body and 
inadvertent flexion of the thighs. 

Before beginning the application of the plaster, all wrinkles are smoothed 
out of the shirt, and pads of felt are prepared for the anterior-superior spines 
and crests of the ilia. Two strips of felt, each 6 inches long, one inch wide, 
and of sufficient thickness to prevent pressure of the plaster on the protruding 
spine, are also prepared. These arc to be placed longitudinally at the sides of 
the kyphosis, and to press upon the lateral masses of the vertebra). 

The surgeon, seated behind the patient, applies the plaster rollers, beginning 
below the great trochanters and extending upward under the a^tilla and over 
the top of the sternum, fixing each pad in position as the turns of the bandage 
reach it. Several thicknesses of sheet wadding or gauze are placed in the axilla) 
to protect the skin from friction of the finished jacket. 

The bandages are applied smoothly, in circular and spiral turns, the plaster 
thoroughly worked into them by the hand, and the whole carefully moulded 
over the bony prominences. Tt is important to have the jacket strong in front 
as well as behind, and it should extend as high as possible in front in order to 
secure the necessary extension. While the plaster is hardening, and while the 
patient is still suspended, the edges of the jacket are trimmed. Below, a cres¬ 
centic piece is removed on each side at Poupart’s ligament to permit flexion of 
the thighs, a tongue-shaped piece being left over the symphysis pubis. At the 
sides, the jacket is cut away until it conforms with the upper limit of the great 
trochanters, and posteriorly it is trimmed so that it will not interfere with the 
sitting posture. Above, a crescentic piece is removed from each axilla to per¬ 
mit adduction of the arms. Anteriorly it must not be cut below the level of the 
suprasternal notch, and posteriorly it is cut across from the upper limits of the 
axillary folds. 

After trimming is complete, the lower portion of the shirting is turned up 
over the jacket and sewed to the upper part along the edge of the jacket. This 
prevents the edges of the jacket from irritating the skin. The ends of the 
‘iscratch bandages” are brought together over the jacket and tied. 

With good plaster sufficient hardening will have occurred by the time the 
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jacket has been completed to permit the release of the patient from the ap¬ 
paratus. The patient is lifted out of the apparatus by placing the hands in the 
axillm. He should either stand or lie upon his side for several hours. The sit¬ 
ting posture should not be assumed until the plaster has thoroughly hardened. 

R. Tunstall Taylor adds to the suspension forward pressure at the seat of 
deformity by.an instrument called the kyphotone. In this method the patient 
is seated on a bicycle saddle, and while strong traction is applied to the head, for¬ 
ward pressure is made over the kyphosis. 

APPZiIOATIOK OF THE JACKET WITH PATIENT IN THE BECHMBENT POSITION 

(PBONE) 

« 

In the application of*tho jacket, with the patient in the prone position, the 
gas pipe frame (Bradford) is used. This is a rectangular frame made of gas 



Fia. 19.— Application op Jacket with Patient in the Hecumbent Position. Patient placed prone 
on the gas pipe frame. (Bradford.) Piaster rollers applied as far as the apex of the kyphosis. 


pipe, within which, at the head end, there is a smaller frame fixed to the side 
bars by hinges. The inner frame can bo elevated, and its position fixed on a 
curved upright as shown in the figure. To the cross bar of the inner frame is 
attached one end of a hammock, made of stout cloth or canvas. The other end 
of the hammock is fixed to a movable bar, connected by ropes to a ratchet at the 
foot end of the frame. By turning the ratchet the hammock is tightened. The 
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patient is prepared, as described above, and placed (face down) on the ham¬ 
mock, with the kyphosis on a line with the hinge of the inner frame. 

The hammock cloth is cut longitudinally along the sides of the patient’s 
body, and the parts not under the body are removed. A circular opening is cut 
for the face, and the forehead is supported on a strap placed between the bars. 
A cross-piece about 8 inches in width is placed beneath the hammock at the up¬ 
per portion of the thighs, and to this the patient is fixed by a strap. The bony 
prominences are padded, and strips of felt of sufficient thickness to prevent 
pressure of the plaster on the spines are placed at the sides of the deformity. 



Fia. 20.— Application of Jacket with Patient in the Reccmdent Position. Ilypcrextension 
secured by raising the iniier frame. Jacket is uow to bo completed. 


The plaster rollers are applied beginning below and arc carried upward as far 
as the apex of the kyphosis and allowed to harden. Tho desired amount of 
hyperextension is secured by raising the inner frame. ITyperextension is car¬ 
ried to the point of slight discomfort, and the jacket completed. In this way 
hyperextension is secured at the seat of the disease. The jacket is trimmed in 
the manner described above. 


APPLICATION OF JACKET WITH PATIENT IN EECUMBENT POSITION (SUPINE) 

To avoid compression of the chest and flattening of the abdomen, which 
occur, to some extent, when the jacket is applied with the patient in the prone 
position, the jacket may be applied with the patient lying on his back. 

To secure the necessary hyperextension of the spine, Goldthwait has de- 
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vised the following apparatus: An upright steel rod is arranged with a forked 
top, on which two attachable pad plates can be placed. The rod fits on a frame, 
and can be raised or lowered by means of a screw. The patient is so placed 
that while the shoulders and pelvis are supported on cross-pieces of the frame, 
the kyphosis rests upon the pad plates. By raising the bar, the counterweight 
of the body acts to hyperextend the spine at the seat of deformity. Exaggerated 
lordosis is prevented by flexing the thighs. The jacket is applied in the usual 
manner, and after its completion, the rods within are withdrawn. 

In the absence of one of these forma of apparatus, the jacket may be applied 
in one of the following ways: 

(1) The patient is placed between two tables, so that his shoulders rest on 
one, while his thighs rest upon the other. The thighs are held firmly by one 



Fiq. 21. Fsamk fob the Application of Plaster Jacket in Dorsal Position. 


assistant, who makes steady traction, while counter-traction is made by 
a second assistant, who grasps the patient’s arms close to the axilla. The 
weight of the trunk gives the necessary hyperextension to overcome, the 
deformity. 

(2') A hammock ma^'^ be made of muslin or canvas and suspended between 
two walls. The patient is placed on the hammock, face downward, with arms 
and legs extended. The hammock may bo made taut or allowed to sag, and in 
this way the desired degree of hyperextension is secured. The plaster bandages . 
include the hammock, the excess of which is cut away after the plaster has 
hardened. 

The ordinary jacket is most serviceable for diseases below the ninth dorsal 
vertebra. For diseases of the cervical and upper dorsal vertebras, a jury mast, 
or head sling, is incorporated in the dorsal portion of the jacket in order to re¬ 
lieve the spine fom the pre.ssure of the superimposed weight of the head. This 
is unsatisfactory, because it is difficult to adjust and to keep adjusted, and is 
uncomfortable to the patient. For disease of these parts of the spine, for dis¬ 
ease with much deformity, and for cases of Pott’s paraplegia, the jacket de¬ 
vised by Calot is the most efficient. 
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THE CALOT JACKET (7) 

The patient is prepared and suspended as described above. If the “grand 
jacket is to bo applied, a piece of stockinette, reaching over the top of the head, 
and with a .hole cut out for the nose, is applied, and the patient’s chin and 
occiput are carefully padded. For the jacket with military collar, a collar of 
felt is sewed to the top of the shirt. An assistant steadies the patient by hold¬ 
ing the arms at an angle of 45° with the body. A large triangular pad of non 
absorbent cotton is placed provisionally over the sternum . \\ftt 

and anterior aspect of the ribs, and the bony prominences \ | hV B 

protected by pieces of felt in the usual manner. / 

Calot uses plaster bandages, freshlij prepared, by im- 
.mersing crinoline bandages in plaster cream, Vmrolling 
and recoiling them rapidly. The plaster bandages pre- 
pared in the ordinary way arc i)referable. 

The plaster bandages are applied smoothly, beginning 
below as in the ordinary jackets, but passing upward, the IW 

turns include the shoulders and axilla' and encircle the 
neck if the jacket is to he one with the military collar, or 
include the head, avoiding the hole cut for the nose in m 

case of the “grand jacket.” After several layers of the 
plaster bandages have been completed, the auxiliary pieces \ 1 / 

are applied. These consist of several sheets of crinoline, 1 \ \ 

previously measured to fit the parts, and impregnated with 1 1 I 

fresh plaster cream. For the jacket with military collar y M / 

there are three, two aprons, front and back, and a collar; I 

for the grand jacket, two aprons, a chiii-piece, and a piece 

for the occiput. The aprons are the length of the trunk Fio. 22 . — Stbps in Ap- 
plus one-half, and the width of each is equal to one-half jAc^ET?*^(Cal;»U*'** 
the circumference of the truidv. Kach apron is slit at 

its upper end for one-third its length, and tho slit ends are passed over the 
shoulders and into the axilhe, the ends from the front and back being super¬ 
imposed. The lower ends of tho aprons are folded upon themselves and worked 
in with the circular turns. These are nicked with the scissors if necessary in 
order to make them fit smoothly. Tho collar is made about the height of the 
patient’s neck, and one and a half of its circumference. The pieces for the chin 
and occiput in the grand jacket should be about 4 by 6 inches, and should ex¬ 
tend downward from these points. 

After the auxiliary pieces have been placed in position, the jacket is com¬ 
pleted as quickly as possible by circular and spiral turns of the plaster bandages 
outside of these, and the whole carefully moulded to tho pelvic and shoulder 
girdles. The jacket is now trimmed. A small triangular opening, apex up¬ 
ward, is made over the sternum, and the cotton pad removed. The jacket is’ 
trimmed below as in ordinary jackets. Above, the jacket with the military col- 
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lar is trimmed at the junction of the cliin and neck, while the grand jacket in¬ 
cludes the chin and occiput, leaving the ears free. The shoulders are exposed, 

and the crescentic piece is removed from each 
axilla to permit free range of motion to the arms. 
The patient is now released from the sling and 
placed face downward over the edge of the bed. 
He is watched for a while to see that his breathing 
is not impeded. 

At the end of 48 hours, a larger window is cut 
anteriorly as shown in the figure. Posteriorly 
over the kyphosis another window 0 by 3 inches 
is made. The shirt is opened by two cross cuts, 
the skin anointed with vaselin, and pieces of cotton 
a little larger than the window are wedged under 
the shirting by means of a spatula. The edges of 
the opening in the shirt are folded back in place, 
and successive layers of cotton are placed over the 
kyphosis until they project beyond the level of the 
jacket. These are held in place and pressed upon 
by circular turns of plaster bandages. This pro¬ 
cedure drives the kyphosis forward, and the largo 
window anteriorly permits the chest to yield under 
pressure from behind. At intervals of two months, as the kyphosis recedes, 
additional layers of cotton are applied. 

The jacket should be well padded, fit snugly and be comfortable. It should be of 
uniform thickness throughout, and should be as light as is compatible with strength. 
Parents should be instructed in the use of the “scratch bandages,” and these should 
be used daily in order to keep the skin in good condition. Parents should be cautioned 
against letting any object fall inside the jacket, and should be instructed to watch 
carefully for any foul odor emanating from the jacket. This indicates excoriation of' 
the skin, and calls for the immediate removal of the jacket. 



The jacket is removed by cutting it along the median line in front. By 
making a fenestrum over the site of the excoriation, the pressure is relieved and 
treatment made possible. The jacket is readjusted and held by adhesive straps 
till the wound has healed, after which a new jacket is applied. A good jacket 
will last from 2 to 6 months. If tho “scratch bandages” are properly used, the 
skin will remain in good condition. 

E, BEMOVABLE JACKETS: After the jacket has been applied, it is cut 
down in front, and straps provided with' lacing holes are sewed to the edges. 
These jackets do not furnish such efficient support as the fixed jackets during the 
acute stage of the disease, but are most suitable for use in convalescent cases, or 
cases where sloughs or excoriations are present. 
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APPLICATION OF JACKET FOE FBAOTUEE OF THE VEBTEBES 

A plaster-of-Paris jacket is employed in cases of fracture of the spinous 
processes alone, in cases of fracture of the bodies without recognizable displace¬ 
ment or symptoms of injury to the cord, and in cases of recognizable displace¬ 
ment without cord symptoms. It is also indicated in cases with recognizable dis¬ 
placement with symptoms of iiijiiry to the cord, if correction of deformity and 
relief of symptoms can be secured by manipulation or operation. 

In the reduction of deformity and the application of the jacket, the utmost 
care should be exercised to prevent further displacement of the fragments and 
increased injury to the cord. Young patients may be suspended and the grand 
jacket applied. With large and heavy patientSj the jacket is applied in the 
following way; A buttonlcss shirt, or sheet wadding is applied, and the bony 
prominences padded in the usual manner. The patient is placed upon his back 
with a support under the pelvis, and pillows under his head and shoulders. The 
deformity is protected by pads of felt placed over the lateral masses of the verte¬ 
brae, a sling is passed around the back under the pads at the seat of the de¬ 
formity, and the ends of the sling are attached to the horizontal bar of a suspen¬ 
sion apparatus. As the bar is slowly and gently raised, the counterweight of 
the body operates to correct the deformity. 

When the deformity has been corrected, the plaster bandages are applied. 
These include the sling, the excess of which is cut away at the points of 
emergence after the plaster has hardened. After operation the jacket may be 
applied with the patient in the prone position on two tables. With the arms and 
thighs extended-and firmly secured by assistants, the tables are slowly sepa¬ 
rated, thus permitting the trunk to remain unsupported between them. The 
weight of the body gives the necessary extension. The jacket is applied in the 
usual manner. 


SPICAS FOR OASES OP CONGENITAL DISLOCATION OP THE HIP 

In cases of congenital dislocation, the rudimentary acetabulum is not of 
suflacient capacity to retain the head of the femur when the limb is in the normal 
attitude. After reduction has been secured by manipulation, the thigh is placed 
in right-angled flexion and hyperabduction, with the leg flexed, and this posi¬ 
tion is maintained by a short spica encircling the lower portion of the abdomen 
and the pelvis and reaching the knee joint. It is essential in the treatment of 
these cases to have a well-fitting plaster dressing, which will retain the head of 
the femur in the acetabulum while the patient walks about, for the acetabulum 
enlarges "by the presence of the head, and the use of the muscles in -vralking 
prevents their atrophy. 

Application of Spica. —After reduction, and while the child is still under the 
anesthetic, it is placed upon a pelvic support and the thighs are held in the 
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hyperabducted position with the legs flexed, by an assistant. The scratch 
bandage is placed over the abdomen and thigh, and the abdomen pelvis, and 
one or both thighs and knees (depending on the case) are covere wit i s eet 
wadding in the form of roller bandages. The perineum is entirely coveied by 
figure-of-eight turns, and extra pads of the same material are placed over the 
anterior-superior spines and crests of the ilia and the sacrum. Ihc method of 
applying the plaster rollers varies somewhat in unilateral and bilateral cases. 

UNILATEEAL CASES.—In the unilateral cases, the plaster roller begins at 
the anterior-superior spine of the sound side, is carried across the pelvis, down 
tho inner surface of the thigh, and round the knee of the affected side, then 
along the posterior surface of the thigh and pelvis to tho starting point. This is 
repeated several times and when tho bandage reaches the knee, spiral turns are 
applied to the thigh till the pelvis is reached, when this part is covered, by fig¬ 
ure-of-eight turns, and the lower portion of the abdonum with spiral turns. This 
is repeated with spiral turns to the thigh and lower abdomen, and figure-of-eight 
turns for tho pelvis until the dressing is of the desired thickness. 

BILATEEAL CASES.—In tlie bilateral cases tbe plaster roller begins at the 
knee of one side, passes along the inner surface of the thigh, across the pelvis, 
along the inner surface of the opposite thigh, around the knee, and is then car¬ 
ried posteriorly to the starting point. Several complete turns are made, and 
when the knee is reached, spiral turns to the thigh are begun. These are carried 
upward to the pelvis, when figure-of-eight turns are applied to the latter and 
spiral turns are carried down the opjjosite thigh to the knee. The dressing is 
reinforced anteriorly by several layers of plaster bandages extending from knee 
to knee, and completed with spiral turns to the thigh and lower abdomen, and 
figure-of-eight turns to the pelvis. 

After the application of the plaster bandages is complete, a largo fenestrum 
is cut from the perineal region, and the dressing trimmed about the knee to 
permit walking. Above in front, the dressing is cut down to the level of the 
umbilicus. The ends of tho scratch bandage are brought over the spica and 
tied. As soon as soreness and discomfort have disappeared (in about a week or 
10 days) the patient is encouraged to walk. Such efforts force the replaced head 
deeper into the acetabulum, stimiilato its growth and thus increase the stability 
of the reposition. In unilateral cases a shoe with a high sole is used on the 
affected side; in bilateral cases, a small stool on wheels has been devised, 
by means of which the patient propels himself and thus makes use of the 
muscles. 

The spica is worn 3 months, after which it is removed. Abduction is 
lessened, and a new dressing applied with the limb in the neW position. After 
the removal of the last dressing, massage and passive motion are begun, and a 
hip splint is worn for several months. The scratch bandage should be used 
daily. Tho same general rules for tho use of the X-ray, given under fractures, 
are to be followed in these cases to determine the results of reduction and re¬ 
tention. 
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CIRCULAR PLASTER DRESSING FOR CLUB-FOOT 

For the treatment of chih-foot, plaster-of-Paris is the best dressing in ordi¬ 
nary hands. Here again, it must he remeinhered that the plaster is employed 
only to retain the foot in corrected ])osition after deformity has been rcdiicc<l 
by manipulation or open operation, and is not, in any case, used to overcome tlio 
deformity. 

Correction of defonnity should he made shortly after birth (second or third 



Fig. 24. —^Plasteb Dbkssino Applied After Couhection op Cluii-poot. Note triangular fencstrum 

ovcT inst<!p. Hole flattened to permit walking. 


week) for the plastic tissues of infants are easily moulded and results are more 
readily obtained. 

By manipulation, the foot is brought from the equinus position into that of 
a right-angle flexion with the leg, and addiuition (varus j and inward rotation 
aro overcome. 

After a thorough reduction of all the abnormal positions, so that the foot 
can be placed in an overcorrected position, the foot and leg are well covered 
with sheet wadding in the form of roller bandages. 

The plaster rollers are snugly applied, beginning at the ankle. For the left 
foot, the plaster roller passes from right to left over the sole, and for the right 
foot in the reverse direction. 

The dressing invests the foot and extends up the leg to the tuberosities of the 
tibia. 

The foot is held in the ovcr-correetcd position till the plaster hardens. After the 
plaster has become firm, preparation for swelling is made by cutting a triangular 
fenestrum over the instep in front of the external malleolus and the toes are exposed. 
The circulation of the toes is carefully watched after the application of the dressing. 
In small children, it is difficult to prevent the dressing from slipping. To guard 
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against this, strips of moleskin adhesive are applied to the leg. The lower ends of 
these are brought through the sheet wadding above the ankle and the plaster roller 
applied over them. 

If the child is ready to walk, a thick sole of plaster is applied. This is flat¬ 
tened with a board. 

If the deformity cannot bo entirely corrected by the first manipulafion, it is 
repeated in two or three weeks and a new plaster dressing is applied. With 
each renewal of the dressing, an attempt is made to improve the position of the 
foot. 

CmCULAB PLASTER DRESSING FOR FLAT-FOOT 

( 

To correct the deformity of a rigid flat-foot, an anesthetic is administered 
and the foot is forcibly manipulated into an exaggerated adducted and inverted 
position and held at a right angle. It is maintained in this position by a plaster- 
of-Paris dressing extending from the toes to the tuberosities of the tibia. The 
dressing is worn for 4 weeks. 

After the removal of the dressing, a plaster mould is made directly from the 
foot in the corrected position, and a steel insole prepared from this for the shoe. 

MANIPULATIONS FOR REDUCTION OP COMMON DISLOCATIONS 

DISLOCATION OF THE LOWER JAW 

The common dislocation of the inferior maxilla is forward. 

The following methods are used in reduction: 

(1) The thiimbs are covered with gauze 
and inserted over the molar teeth upon either 
side of the jaw. The lower bord,er of the jaw 
is grasped by the remaining fingers. Back¬ 
ward and slightly downward pressure is made 
upon the molar teeth by the thumbs, and the 
chin is lifted up and pressed backward by the 
remaining fingers. As soon as the condyles 
are felt to pass over the articular eminence, 
the thumbs are quickly withdrawn, and the 
teeth permitted to come together. 

(2) In order to relax the lateral ligaments 
of the joint, the mouth is still farther opened 
by downward pressure upon the incisor teeth. 
With the lateral ligaments somewhat relaxed, 

direct pressure backward Will effect a reduction. ^ 

After-care. —The jaw is immobilized with a Barton bandage for two weeks 
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during which time only liquid food is given. After the removal of the bandage, 
the patient is cautioned against opening the mouth too widely. 


DISLOCATION OF THE SHOULDEB 


Reduetion is 



The common dislocation of the shoulder is the subcoracoid 
effected (1) by manipidation; and (2) by traction. 

Reduction by Manipulation: Kocher’s Method.—The patient lies upon his 
back and the surgeon stands on the side of the dislocated shoulder. The manipu¬ 
lations arc carried out in four steps. 

(1) The surgeon firmly gra.sps the injured arm above the condyle of fhe 
humerus with one hand, and the 2 )atient’s wrist with the other. The forearm is 
flexed at a right angle and the elbow is slowly carried to the side of the body. 
(2) The humerus is e.xternally rotated 
until the forearm points directly out- 
w'ard, when a distinct resistance can he 
felt. This movement relaxes the rent in 
the capsiilc through which the head of 
the humerus left the joint. (3) With 
the liumei'us strongly rotated outward, 
the elbow is gra<lually adducted by mov¬ 
ing it forward, or forward and slightly 
inward until the arm is nearly in the 
horizontal position. (4) When the elbow 
has been raised as high as it will go, the 
hand is placed upon the opposite shoul¬ 
der, thus rotating the humerus inward. 

Reduction is indicated by a click as the head slips into the glenoid cavity. 

All steps should bo carried out gradually and steady traction downward in 

the direction of the long axis of the 
humerus should bo maintained by the 
surgeon. 

Traction: Stimson’s Method (15). — 
The patient lies on his side upon a can¬ 
vas cot, in which an opening is made, 
through which the injured arm is passed 
so as to liang vertically downward. The 
cot is raised nporv blocks or chairs so that 
the arm will hang free of the floor. A 
weight of 10 pounds is attached to the wrist or elbow. In from 5 to 15 minutes 
the parts are siifHciently relaxed and the head slips into the glenoid cavity. 

It may be necessary in some cases to increase the weight attached to the arm, 
and also to advance the head toward the glenoid cavity by adducting the arm 
against the fist placed in the axilla. Instead of the cot, the patient may be put 
49 


Fia. 20. —Kochbr’s Mbthod op Ueduction 
IN SuBCOHACOIl) UiaiiOCATION OF SHOUL¬ 
DER. First step. 



FiQ. 27.—Koohbr’s Method op Reduction 

IN SUDOORACOID DISLOCATION OP SHOUL¬ 
DER. Second stop. 
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upon two tables, placed end to end with the body resting on one and the head 
on the other, the arm hanging down between. 



A simple method which will 
often suffice is the following: The 
arm is grasped above the elbow and 
steady traction is made in a down¬ 
ward and outward direction. The 



Fig. 28.—Kochbk’b Method of Reduction 
IN Subcoracoid Disuocation op Shodl.- 
SEB. Third step. 


Fig. 29.—Kocheb's Method op Reduction 
IN Subcokacoid Dislocation op Shoul¬ 
der. Fourth step. 


arm is now gradually abducted until it is nearly or ipiite at right angles with 
the body. An assistant manipulates, by pressure, the head of the humerus 
while traction is being m@de. 

After-treatment. —After-treatment consists in partially -immobilizing the 
shoulder joint by an arm and chest bandage, the forearm being supported at the 
wrist by a sling. In a day or two'after reduction, gentle passive movements are 
begun. These are continued daily and the range of motion gradually increased. 
Active movements are begun during the third week. 


DISLOCATION OF THE ELBOW 

The common dislocation of the elbow is that of both bones of the fore¬ 
arm backward. 

Reduction, in uncomplicated cases, is effected by hyperextending the fore- • 
arm, thus freeing the coronoid process from the olecranon fossa and the pos¬ 
terior surface of the humerus, followed by direct traction on and flexion of the 
forearm. 

The method suggested by Sir Astlcy Cooper (6) is as follows: The surgeon 
places his knee in front; of the elbow joint, grasps the patient’s wrist, presses 
upon the radius and ulna with his knee, and slowly but forcibly bonds the fore¬ 
arm. 

After-treatment. —The after-treatment consists in immobilization of the el¬ 
bow with the forearm flexed to a right angle. A firm bandage is applied to the 
elbow and the forearm is supported in a sling. Light passive movements are 
begun during the third week and active movements during the fourth week. 
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DISLOCATION OF THE THUMB 

Complete backward dislocation of the first phalanx of the tlmmh is the com¬ 
mon form. Keduction is made hv liypercxtendinf? the thumb while traction is 



Fig. 30. —Reduction of Duslocwtion of Shoueuku by TuAotion. SUniBon'a method. 

made upon it, pressini>; the base of the phalanx forward and finally quickly flex¬ 
ing the thumb into the palm. 

If the ligament has caiight behind the head, it may sometimes be freed by 
rotating the phalanx while j)r(!ssing it forward. 

Kcduction of forward dislocation of the thumb is easily elTected by traction 
and forced flexion with downward pressure on the base of the phalanx. The 
thumb is immobilized in the straight position for one week, after which gentle 
passive and active motion is begun. 

DISLOCATION OP THE HIP 

For the reduction of a dislocation of the hip an anesthetic should always bo 
administered. 

Eeduction of Dorsal Dislocation: Stimson’s Method (13).—The patient is 
placed face downward upon a table with his legs projecting so far beyond the 
edge that the injured thigh hangs directly downward. The sound limb is held 
in line with the body by an assistant. The surgeon grasps the ankle of the dislo¬ 
cated limb and flexes the knee to a right angle. The weight of the limb now 
makes the needed traction in the desired direction and the surgeon has only to 
wait for the muscles to relax and the bone to resume its place without further 
cffOTt 0D hif part than a slight rocking or rotation of the limb. The added 
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weight of a small sand-bag at the knee or sudden slight pressure at the same 
point may facilitate reduction. 

The everted dorsal dislocations are reduced by first converting them into the 
dorsal form by flexion and inward rotation with adduction if necessary. 

BIGELOW’S (4) METHOD OF KEDUCTION OF A DORSAL OR POSTERIOR 
DISLOCATION. —The patient lies on liis back upon a blanket on the floor. The 
pelvis is steadied by an assistant who exerts pressure upon the anterior-posterior 

spines. The leg is flexed 
upon the thigh, and the thigh 
upon the abdomen, the posi¬ 
tion of adduction and slight 
inversion being still main¬ 
tained so that the knee ex¬ 
tends beyond the midline of 
the body. This position v?ith 
traction upward is main¬ 
tained for some moments 
and the limb is then freely 
circumdueted outward and 
broiight down into the posi¬ 
tion of extension. 

ALLIS’ (2) METHOD. — 
The patient is placed in the 
same' position as described 
above in Bigelow’s method. 
The surgeon kneels by the 
patient’s side and, if the 
right femur is dislocated, ho 
grasps the patient’s ankle 
with his right hand and 
places the bent elbow of his 
left arm beneath the flexure* 
of the knee. lie now turns the bent leg outward and lifts upward (skyward), 
then turns the bent leg inward and brings the thigh down in extension. 

B«duction of an Inward or Anterior Dislocation_l. ALLIS ’ DIRECT METHOD. 

—(1) Flex and abduct the femur; (2) make traction outward; (3) fix the head 
by digital pressure and adduct. 

2. ALLIS’ INDIRECT METHOD.— The patient lies upon his back with the 
femur flexed. The surgeon places his bent elbow beneath the flexed knee and 
grasps the ankle with his other hand; he then extends with traction in the line 
of the long axis of the femur, adducts, and rotates outward. 

BIGELOW’S METHOD OF REDUCTION OF A THYROID OB ANTERIOR DIS- 
liOCATION. —“Flex the limb toward a perpendicular and abduct it a little to dis- 
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the head of the bone. Then rotate the thigh strongly inward, adducting 
it, and carrying thejineo to the floor.” After reduction, the patient is required 
to remain in bed for three weeks, after which massage and passive motion are 
begun. The use of the limb is permitted during the fourth week. 

DISLOCATION OF THE KNEE JOINT 

Dislocation of the tibia forward is the most frequent form. Reduction is 
eifected by traction on the leg while the thigh is Hexed, combined with manipu¬ 
lation in order to guide the head of the tibia into its normal position. 

The limb is placed on a posterior sjdint for three weeks, after which passive 
movements are carefully made. A knee support js worn for several months. 

DISLOCATION OF THE ANKLE JOINT 

These dislocations are quite rare and are often associated with fracture of 
one or both bones of the leg. 

1. Backward Dislocation.—llaekward dishx’ation is more frequent than tho 
forward variety. 

Reduction is made by forced plantar flexion, tho foot being pulled forward 
and the lower end of tho tibia pressed backward. Dorsal flexion of the foot com¬ 
pletes reduction. 

2. Forward Dislocation.—Rcdiiction is made by marked dorsal flexion of tho 
foot, pressure forward on the lower end of the tibia, and pressure backward on 
tho foot. Plantar flexion completes reduction. 

The foot is immobilized by a posterior splint for three weeks. Light jjassive 
motion is begun at the end of tho third week. 

DISLOCATIONS AT THE WBIST 

These dislocations are rare: 

Dislocations at the Lower Badio-ulnar Joint.—Dislocation of tho ulna may bo 
forward or backward. 

DISLOCATION FOKWARD. —Reduction is effected by direct pressure upon 
the ulna with counter pressure on the radius. 

DISLOCATION BACKWARD. —Reduction is effected by direct pressure on tho 
radius, aided sometimes by abduction or supination of the hand. 

Dislocation of the Radiocarpal Joint— backward dislocation. —Re¬ 
duction is effected by traction upon the hand and- direct pressure on the 
carpus. 

FORWARD DISLOCATION. —Reduction is effected by traction upon the hand, 
counter traction on the forearm, while direct pressure is made upon the dis¬ 
placed carpus. 
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Dislocation of the Carpal Bones.— dislocation of thK mEDIOCArpaL 
JOINT. —Dislocation between the first and second rows of. carpal bones is ex¬ 
tremely rare and may be forward or backward. Reduction in these cases is 
effected by flexion or extension of the hand aided by traction and pressure over 
the distal carpal row. 

DISLOCATION OF SEMILUNAR BONE. —Reduction of anterior disloca¬ 
tion of the semilunar bone is effected by hyperextension followed by hyper- 
flexion over the thumbs of an assistant, held firmly in the flexure of the wrist 
on the semilunar. 

Dislocation of the Carpometacarpal Joints. —The joint most frequently in¬ 
volved is that of the thumb and the displacement is almost always backward. 
Reduction is effected by traction upon the hand while pressure is made over the 
base of the dislocated bone. 


DRESSING FOR FRACTURE OF THE CLAVICLE 

Howard D. Coddihs 

In cases of extreme deformity an open operation may be necessary for the 
retention of the fragments in good position. In other cases where the deformity 

is slight the Sayre dressing is efficient. This 
is too well known to require a separate de¬ 
scription. In passing, however, it may be 
said that while the Sayre dressing is theoret¬ 
ically correct in that the lines of force oper¬ 
ate in the proper direction, yet serious 
practical objections ari.se in regard to this 
method: namely, first, the zinc oxid plaster 
after a few days irritates the skin, more espe^ 
cially in stout subjects: second, in a short 
time the body adjusts itself to the dressing 
in such a way that the whole force of the 
traction is lost and the reduction is no longer 
Fio. 32.— Dhbbsino for Fracture of maintained. This requires a renewal of the 

ing arm loop and body piece. Shaded dressing, and such renewal IS annoying 

area of bandage outlines portion r^ and painful to the patient since the zinc 
duplicated or lined, so that no ad- • i i . ... i n 

hesive surface is presented to the OXld plaster during its removal pulls 

skin at those points. violently upon the skin and often leaves an 

excoriated or an irritated surface behind. 

The following dressing was devised by me to meet these objections. The 

material used consists of heavy moleskin adhesive plaster, \frhich, while more 

troublesome to apply does not irritate the skin and firmly adheres thereto. The 

support and contraction resembles those of the Sayre dressing. 
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Clavici.e. Foatrrior view, showiiiK shoul¬ 
der cap and elbow sling. 
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The dressing is applied as follows: 

First, a piece (Tf moleskin 4 or 5 inches wide is passed about the Inimorus 
as high up in the axilla as possible, and tlu' ends, for about two inebes of their 
length, caused to adhere to each othm-. 'I'hia piece should be for the average 
about eighteen inches long. Before apply¬ 
ing, the whole strip should be wanned so 
as to cause it to adhere to the cireuinfereuee 
of the arm. At the jiosterior end of this 
loop, i. e., where the ends are adherent to 
each other, six holes are punched and eve- 
lets inserted (these evelets are similar to 
those through which the laces of shoes are 
passed and arc made with a little hand 
punch devised for the purpose). v\ second 
strip of moleskin, the same width as the 
first, passed about the body, extending from 
the midline behind around the chest on the 
healthy side as far or ei'cn across the mid¬ 
line in front. The posterior mid of this strip is turned over on itself for about 
two inches and a similar row of eyelets inserted. The two rows of eyelets should 
be about C inebes apart and then an ordinary corset lace put in. With this lace 
the ends are drawn together with the result that the shoulder can be pulled back 
as far as desired. The second part of the dressing is applied as follows: 

A broad piece of moh'skin about seven 
inches wide and a foot long i.s applied over 
the healthy shoulder in the form of a cap 
extending well down on the arm. (In order 
to .secure a (‘ap-like structure, it is necessary 
to cut a “dart” in the moleskin.) The free 
ends are turned back on themselves and cut 
to a taper, so that the margin is not more 
than three inches wide. A row of four eye¬ 
lets is placed in each end. The last piece of 
the dressing consists of a long strip of mole¬ 
skin three inches wide, passed around the 
forearm of the injured side close to the elbow, 
one end extending up the front of the chest, 
the other up the back. The ends of this strip 
are also turned back on ’themselves and each 
has a row of four eyelets. This atrip should be lined with muslin so that there 
is no adhesive surface exposed except where the mo]e.skin is in contact with the 
forearm and elbow. A lacing joins this elbow piece with the shoulder cap in 
front and another is placed behind. The front and back lacings between the 
elbow sling and shoulder cap permit the injured shoulder to be raised or bv 



Fio. 34.—Drebsino for Fracture of 
THE Clavicle. Anterior view, show¬ 
ing shoulder cap and elbow sling. 
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tightening one lacing more than the other, the elbow may be brought forward 
or back as desired. • 

In applying this dressing, it shoi^ be borne in mind that the pieces should 
^ carefully cut and fitted before the adhesive surface has become thoroughly 
secured to the skin. 

The only disadvantage of this apparatus is the length of time required for 
its application. This disadvantage is more than offset by the advantages, which 
are: (1) a non-irritating dressing that may be worn three or four weeks; and 
(2) the chance to tighten the lines of traction as occasion may require without 
removing the adhesive. 
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RADIUM IN SURGERY 
A. Sc'iiuYLEii Clark 

Radio-activity was first dcmoiistriitcd by Ijccqiicrel in 1S!)G in uranium salts 
by means of a photojirapbic plate. In ISDS ^ladame Curie and Al. Schmidt 
proved that thorium was also radio-active and, beini>; struck by the fact that 
some samples of pitchblende were infinitely more radio-active than others, 
finally in lOOd developed from it jxdonium and radium. 

Bebierne, about this time, also isolated actinium which, thouj!,h more radio¬ 
active than radium, cannot be used therapeutically owini^ to the difficulty of ex¬ 
traction. Other radio-active substances have been discovered but, up to the 
present time, radium has proven the mo.st practical, owinjf to its possible isola¬ 
tion ill the state of a pure salt. It is used in combination as a sulphate or 
bromid therapeutically, but we can quantitatively determine the amount of 
radium element in any specimen or apparatus. 

Radium is found in uranite and carnotite ore deposits, of which those in 
southern Colorado are probably the most extensive in the world.- It is recovered 
at great expense of time and ore, for it is present in infinitesimal amounts and 
at the present market value costs from $100 to $120 per mg. of the element. 

The Standard Chemical Company of Pittsburg arc the largest producers 
in this country. There is an international standard of measurement, deter¬ 
mined by the rapidity with which a definite amount of air is ionized, and the 
stated amount of elomeiit in any preparation can now be verified at the Bureau 
of Standards, Washington, 1). C. 

Eadio-activity.—The so-called radio-activity consists of a series of disinte¬ 
grations of the radium element into gaseous emanations which in time decom¬ 
pose, resulting in the formation of different active products which it deposits 
on every substance it touches, rendering them radio-active. This induced activ- 
* ity, as in water, vasclin and other substances, is more or less varied and limited. 
When, however, it is confined in an hermetically scaled capsule or varnish, as 
in the various radium apparatus, radio-activity exists indefinitely and this ex¬ 
plains the fact that several months must be allowed to pass before an apparatus 
reaches its full power, when it becomes a stable quantity with a duration of even 

761 



763 


KADIUM m SURGEKY 


thousands of years without appreciable loss of the original element or activity. 
These sealed deposits result in rays with various powers of penetration, the s(^ 
called Alpha, Beta and* Gamma rays. 

The Alpha rays are material particles charged with positive electricity— 
they have very slight powers of penetration and are lost in 1 in. of air space or 
are filtered out with even 2 layers of rubber tissue. 

The Beta rays are charged with negative electricity and arc comparatively 
soft and hard, the softer rays can be filtered out by 2^2 to 3V2 io. of air space or 
by }/_> to 1 mm. of platinum foil. 

The Gamma rays arc believed to be due to the anatomic explosions which 
generate the Alpha and Beta particles and are caused by electromagnetic pulsa¬ 
tions or disturbances transmitted through the ether in the same manner as the 
Hertzian waves, light and X-rays. They arc ultrapenetrating up to 2 in. 
through living tissue and are not deflected by the magnetic field and some of 
them can penetrate even 2 in. of lead or many inches of stone or wood. 

Filtration. —^Radium in thin glass containers emits approximately 90 per 
cent, of Alpha rays, 9 per cent, of Beta rays and 1 per cent, of Gamma rays. 
Aluminum, silver, platinum and lead filter out varying proportions of these 
different rays and these screens are, therefore, of practical therapeutic value in 
varying the proportions of the rays. 

Two layers of rubber tissue will filter out practically all the Alpha rays; 0.5 
to 1 mm. of platinum or aluminum will filter out the Alpha rays and the softer 
Beta rays; 1 to 2 mm. will filter out also the medium Beta rays, and 4 to 5 mm. 
will filter out practically all of the Alpha and Beta rays, allowing the Gamma 
rays to pass through. It is in this way that one can determine a superficial or 
deep penetrating radio-activity with a single apparatus, naturally varying the 
time of exposure according to the amount of rays transmitted through the filter. 
All these varieties of rays are capable of producing a radiodermatitis and de¬ 
struction of normal tissue, if a sufficient amount of them is administered. 

Radium, to-day, is not only supplied in small glass and thin metal tubes and 
cells but can be incorporated in an especially prepared varnish, uniformly 
spread over definite areas for the treatment of more extended superficial lesions, 
and water can be activated to a more or less definite degree by exposure to 
radium emanations, developing an induced activity and so making it possible 
to employ radium rays internally in various ways and diseased conditions. 

Dosage. —The dosage can be determined fairly accurately in radium thera¬ 
peutics, owing to the practically constant .amount and character of rays emitted 
from an hermetically sealed apparatus. Four main factors enter into consid¬ 
eration in determining this: 1. The degree of susceptibility of the tissues to ^ 
the rays; 2. the amount and character of the radio-active source; 3. the screens 
employed or not; 4. the duration, methods and distance of the application. 

In a general sense, younger tissues arc progressively more susceptible and 
older tissues progressively less susceptible to the influence of the rays, and the 
dosage, therefore, must be varied in youth, adult life and adolescence. 
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Action of Rays on Living Cells. —Living cells exposed to rays of radium 
may bo stimulated or depressed and retarded in their growth, or degenerated 
and completely destroyed, depending on tlie amount of rays absorbed. Resides 
this, the rays seem to have a selective action on certain tissues which, without 
destroying the cells, they have the power of changing back, as it were, to more 
nearly the embryonic type from which they developed. In diseased tissue these 
cellular reactions arc much more promptly and easily produced than in normal 
tissue, and it is largely owing to this characteristic that radium has achieved 
what-success it has in the treatment of the malignant di.seases wo commonly 
call cancer. Epitheliomatons tissue exposed to sufficient radium rays shows, 
after a few days, a cellular disorganization, going on to a softening and gradual 
disappearance by absorption. U'he connective tissue immediately .surrounding 
the mass apparently is stimulated and regencraled by the invasion of embryonic 
nuclei dissociating and finally rej)lacing the cancerous colls. Thus takes place 
a sort of embryonic fibrous transformation of the tumor, which eventually 
changes into a sclerotic mass, healing being produced with a minimum amount 
of scarring or deformity. 'L'his occurs with little or moderate intlammatory 
reaction of the surrounding or overlying healthy tissue necessarily included in 
the exposure, from which it regularly returns to a normal condition. 

This selective action of radium, or particular susceptibility of the malig¬ 
nant tissue to the rays, is conctMled to he even more pronounced'in degenerations 
of connective tissue than in those of epithelial tissue. It is ecpially pronounced 
on embryonic vascular tissue—nevoid growths—and a specific alterative aixl 
restorative action in this tissue can he produced, resulting in a shrinking of the 
tissue and an obliteration of vessels and cavernous spaces with little or no real 
destruction of tissue. 

The effects of an application of radium begin to make themselves demon¬ 
strable in from 2 or .‘i to 10 days and are progressive up to .3 weeks, depcTiding 
on the character and the amount of the irradiation. Radium rays are germi¬ 
cidal but act very slowly. 


THERAPEUTICS OF RADIUM IN SURGERY 

Since Bccquerel received his notorious burn from carrying some of this 
substance in his pocket, shortly after its discovery and isolation, Wickham and 
Degrais have been the leading investigators therapeutically, and it is largely due 
to their publications that others have resorted to its use in surgical affections 
imd that we now have what working knowledge we possess in its various thera¬ 
peutic applications. So comparatively little is yet understood of its physics and 
chemistry that it must necessarily still be in its infancy from a therapeutic point 
of view, but statistical reports, going up into the thousands, have demonstrated 
its peculiar qualifications and fitness for the treatment of certain surgical con¬ 
ditions and to-day it must be recognized as a useful and even essential part of a 



764 


RADIUM IN SURGERY 


surgical armamentarium. That it has its limitations must be conceded, but that 
its use may become less limited in the future is within the realm of probability. 

That it is a powerful force in any considerable quantity should be constantly re¬ 
membered, and the greatest care should Be exercised in its applications, both for the 
patient and for the operator. Severe dermatitis and extensive burns which may be 
very painful and slow in healing, may result from the careless handling of radium 
apparatus. Even keratoses and degenerative ulcerations may result from repeated 
exposures but, generally speaking, they arc less to be feared and more easily controlled 
than similar conditions resulting from X-ray exposures. 

Warts and Papillomata, Senile and Sehorrhoic Keratoses.—^Warts and papil¬ 
lomata, senile and sehorrhoic keratoses yield readily to radium applica¬ 
tions. The ordinary papiUomalous wart will undergo a retrograde metamor¬ 
phosis, returning to a normal tissue without apparent inflammatory reaction or 
the slightest scarring when exposed by contact to even small amounts of radium 
element filtered through 2 layers of rubber tissue for a siifficient length of time. 

A eell, 21/0 to 3 mg., of the element uniformly spread over an area of 1/4 
sq. cm. so applied for 30 minutes is satisfactory on such a lesion. 

Papillomata of the hollow or tubular portions of the body, such as of the 
larynx, can bo removed permanently without ulceration or contractures, but 
here it is necessary to use much larger amounts of the element, filtered through 
thin layers to 1 mm.) of platinum or silver foil. It can bo carried to its 
destination in the closed end of a tubular container or an applicator is inserted 
through an open incision made for the purpose. At least BO mg. would be 
required here. 

Senile and sehorrhoic Tceratoses, so frequently found on the faces of older 
people, particularly those who have boon exposed to the weatlAir, fade away as if 
by magic, and even where a degeneration has become established, it is of sueh a 
low grade of malignancy that small nori-^nflammatory applications of lightly 
filtered radium permanently remove it without visible scarring. 

X-ray Tceratoses and ulcerations, 8U(!h as arc seen to-day on the hands of the 
older X-ray operators, often respond kindly to radium irradiations and with 
less discomfort than usually follows applications of liquid air and carbonic 
snow. 

Fibromata undergo a retrograde metamorphosis under the influence of 
radium and interesting reports arc at hand of a considerable success with it in 
the treatment of fibromata of the uterus. 

In the interstitial variety, frequently demanding a complete extirpation, 
radium has in a few instances spared the patient so extensive an operation'. 
Very considerable amounts of well-filtered radium passed up-into the cavity of 
the uterus and surface irradiations, through the abdominal wall from several 
locations directed toward the uterus, are said to be of advantage in combination. 
The metrorrhagia from the endometritis accompanying this condition is regu¬ 
larly favorably influenced. 
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Keloids and Disfiguring Scars.—Wickham and Degrais and other observers 
ave removed most successfully deforming and painful keloids by means of 
ra ium irradiations. The so-called spontancoiiti heloid regxilarly responds to 
non-inflamrnatory doses, leaving in its place a pliable, level, whitisii, shiny tissue 
t at does not tend to relapse. Here again a selective action on tissue varying 
rom the normal nuist cxjjiaiu these excellent results. In a similarly satisfac¬ 
tory way do acne Iceloids and keloidal deal rices fade away, as it were, under its 
influence, with moderate doses of slightly filtered rays. The old hard, fibrous 
keloids and fihrosclerotic bands require more intensive ai^plications, even to the 
production of an inflammatory reacti^m or a superficial ulceration, when healing 
is said to begin in the deep-seated tissue of the keloid in embryonic cells, which 
gradually replace the mass. When refractive to this method of treatment, sur¬ 
gical extirpation of these dense tissues can he resorted to with mild prophylactic 
irradiations directly healing is established. Excellent results have followed in 
my hands even after several recurrences following excision. 

Angiomata.—The above-mentioned investigators, with Gaud, have seen 
microscopically in angiomatous tissue after radium applications ‘'an alteration 
of the cells which lined the inner surface of the blood-vessels and connective tis¬ 
sue surrounding them, causing an obliteration of the small vessels and resulting 
in a sclerotic transformation and exsanguination of the tumor.” In this way 
superficial level irine slams are regularly decolorized by slightly filtered 
'doses of radium with little or no inllanmiatory reaction or scarring. As these 
lesions usually are situalcsd about the fa(!C and great care must, therefore, be 
used in determijiing the dosage, Kroniayer light apjjlicatiotis, with a thick blue 
glass filter and firm pressure, should bo jireferi’cd, as they are equally elfcctive 
and without danger of resulting scarring. In the lesions that are more or less 
infiltrated and in which it is difiicult or impossible to press out the discolora¬ 
tion, radium alone or in combination with the Kroniayer light seems to give the 
best results. Extensive, flexible, radiferous toiles, separated from the lesion by 
l/b to 2 mm. of foil, applied over prolonged and repeated periods, through their 
more penetrating rays, can produce the above-described changes in this tissue 
and often give most excellent cosmetic results. 

Extensive, cavernous, erectile arujiornala have been reported and pictured 
satisfactorily removed by repeated applications of considerable amounts of well- 
filtered radium, and eipially brilliant results are to be attained in subcutaneous 
cavernous angiomatous tumors where surgery has heretofore been quite help¬ 
less. Surpenetrating rays from largo amounts of the element well filtered (2 
to 3 mm. of aluminum) are required, and the “cross-fire” method by irradia¬ 
tions from various points of vantage directed toward the tumor (from the mu¬ 
cous membrane out, also in lesiojis of the cheeks) is necessary in order to project 
enough rays into the tissues without destruction of the overlying skin or mu¬ 
cous membrane. 

Often it is necessary, after a certain amount of sclerosis is established in the 
tumor, to surgically imbed tubes of moderately filtered radium throughout the 
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mass. Naturally, inflammation, telangiectases and scarring can result from 
such strenuous but necessary methods of raying. It is here that radium has 
probably achieved its greatest success for, up to the present, no such uniformly 
good results have been attained by other methods. 

Malignant Neoplasms, Cutaneous Epitheliomata, etc.—^It is in the treatment of 
this latter condition that radium has clinically demonstrated its wonderful power 
of changing and destroying cancer cells, more or less permanently, with the least 
possible inconvenience and deformity and the best possible end results.—In lesions 
about the face, and particularly those at or near the eye, radium has 
proven to be at great advantage over other tlierapeutic agents, because of the 
ease and comfort of its application, its cosmetic results—the scar being a com¬ 
paratively level, smooth and perfectly pliable one without contractures—and 
the comparative infrequenco of recurrences. 

The more recent reports of the Radium Institute of London and of the 
Vienna Institute concrir with other opinions that, generally speaking, radium 
even in moderate doses, if applied over a sufficient period of time, is preferable 
to other methods of treatment, and Rimdi, of the former institution, fhlnks it 
may be effective in this class of case because single doses with full-strength 
applicators unscreened can be used. Recause of their situation those results 
would seem to be due to the ability to secure the penetration of rays in sufficient 
amount to all parts of the tumor. 

The single or massive dose method would s(5cm to be the method of choice* 
with considerable amounts of unfiltered or slightly filtered rays, and this method 
is practicable becaxise of the comparative susceptibility of these diseased tissues 
to radium irradiations, it being estimated that the margin of time exposure be¬ 
tween the destruction of the cancer cells and up to a destruction of the adjacent 
normal tissue cells is at least a fifth of the whole time necessary to destroy the 
cancer, a pretty safe working margin for any slight error in over-exposure. 

The superficial epitheliomata of the rodent ulcer type are the most easily 
influenced of the skin cancers, but radium is very effective in either the cicatri¬ 
cial, squamous, ulcerating or fungating variety, the length and strength of ex¬ 
posures varying according to the dcipth of the lesion. Flat varnish applicators 
of varying dimensions have an advantage in cutiuieous epitheliomata, but a coll 
or tube may be used and irradiations made at a short distance inch) from 
the lesion in order to cover a larger area at each application, remembering the 
law of inverse proportions in this latter method. 

Extensive indurated cutaneous epitheliomata in the region of the nares and 
eyes, involving the subcutaneous and underlying tissue, even with bony involve¬ 
ment, are as successfully treated by massive doses of light and moderately fil¬ 
tered radium as by surgical intervention and, when successful, with far better 
cosmetic results. A cure, dating back a sufficient number of years to bo so 
called, of a very extensive involvement of one naris and the corresponding 
maxillary sinus, is reported. 

Epitheliomata of the mucous membranes have been notoriously less in- 
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fluenced and arc moi’c apt to recur after radium, than skin cancers. This may 
be due to their j>rcater lympliatic supply with a consequent tendency to metas- 
tases, to a greater susceptibility of normal mucous membrane tissue than is the 
case with normal skin tissue, ami to the inconvenient location of the lesion, 
often making prolonged application dillicult. 

Tnoperahle lesions can be regularly reduced and the pain and discharge 
diminished, and latterly, with the larger amounts of radium at our disposal, a 
total dissipation has occasionally resulted with a fair prospect of permanent re¬ 
lief. Generally spciaking, up to the present writing, no operable case of mucous 
membrane cancer should be treated by radium before it is surgically removed, 
but radium should be resorted to in all inoperable cases and is recommended by 
several observers as a prophylactic measure of considerable vahie. }fclaslatic 
glands, when discovered or oftem even where suspected, should always bo exposed 
and surgically extirpatiid. 

Epithelioma fa of the loirer lip would seem to be more successfully treated, 
no matter how superficial or limited, by surgery than by radium, except as a 
prophylactic measure after operation. Should radium therajiy for cosmetic rea¬ 
sons be demanded here, extensive applications of well-filtered radium could be 
employed both from the mucous membrane and skin surfaces directed toward 
the interior of the lip, and an accompanying surgical operation of the submax¬ 
illary glandular tissue should be advised. It is to be remembered that occa¬ 
sionally an extensive, inoperable mucous membrane cancer can be made operable 
by powerful radium applications and 1 or 2 such postoperations apparently have 
been successful. 

Inoperable enreiaomas of the tonsil and plianin.r are reported iiiqiroved and 
lately, since larger amounts of radium can be obtained, even more may be looked 
for from the patient’s point of view, by a combination of imbedation, cross-fire 
and surface irradiations. 

Cancer of the tongue, with the usual involvement of the sublingual glandular 
tissue, even in the early cases, is a surgical indication, but recurrences and in¬ 
operable lesions should be intensively irradiated, for occasionally a startling 
amelioration of the lesion and .symptoms intervenes. 

Deep-seated Cancers, Carcinoma, Sarcoma, etc.—Wickham, in his book pub¬ 
lished in IDl.T, sums up his experience with ra<lium from the Laboratoiro 
Biologiquc du Radium in these classes of cases as follows: “Acknowledging 
their special and very selective susceptibility to the influence of radium, I do 
not consider this action complete enough to warrant the use of radium as a pri¬ 
mary therapeutic agent in any form of operable cancer with the single exception 
of cancer of the skin.” And the Radimn Institutes of both London and Vienna, 
after a big experience, absolutely concur with him in this opinion. Marvelous 
improvement has resulted and even apparent cures in some inoperable cases fol¬ 
lowing the more recent methods of irradiation, and the above authorities urge 
the use of radium in inoperable cancers, no matter how severe and extensive 
they may be. More or less relief of pain or of discharge or pressure symptoms 
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through tho reduction of the size of the mass can be expected, as after no other, 
known means of treatment, in these inoperable cases. 

Ihoperable tumors can sometimes be made operable, and a cachectic general condi¬ 
tion can often be greatly improved by radium applications to the offending mass or 
masses. The increasing success, as shown by results reported in the more recent years, 
undoubtedly has been due to a concerted effort to project greater masses of rays more 
equally distributed throughout the tumor and tho immediately surrounding tissues. 
This is accomplished by the employment of far larger amounts of the clement than 
were formerly used, by the “cross-fire” method of application of rays projected into the 
tumor from various parts of its circumference, and the imbedding into the mass, 
through surgical incision, of one ot more strong tubes suitably distributed and well 
filtered with very prolonged exposures to got a greater penetration (2 to 4 mm. of 
platinum foil). In the irradiation,of these cancers it is generally conceded that tubes 
containing less than 25 mg. of the element are inefficient, and larger tubes are propor¬ 
tionately more effective. The dangers of such extensive and powerful applications 
should always be borne in mind and with reasonable care can mostly be avoided. 
Dermatitis, radium burns and ulceration can result even though the Alpha and 
softer Beta rays are filtered out. Other dangers are thrombosis or hemorrhage of 
an included vessel, ulceration of a hollow viscus, and sloughing and ulceration 
at the site of imbedded tubes, either from the breaking down of destroyed cells or 
a secondary infection, which is exceedingly apt to occur, due to the lowered re¬ 
sistance against germ invasion of tho irradiated cells, wifli a more or less severe or 
fatal toxic absorption from either source. 

Epithelial cancers of the uterus, rectum and breast have seemed to be more 
influenced by radium treatment than the other inoperable or recurring epithelio- 
mata. 

Carcinoma of the cervix and uterus is anatomically well situated for radium 
applications, owing to its tendency to spread around the walls of the organ, leav¬ 
ing the cavity of tho vagina, cervix and uterus patent for the insertion of radium 
tubes on various applicators or in catheters. A 50-nig. tribe of tho element fil¬ 
tered with 2 to 4 mm. of foil and left in place for 24 hours will relieve pain, 
hemorrhage and discharge and, in a few rare cases, the lesion has entirely dis¬ 
appeared over a period of months after radium treatment, tho cervix and uterus 
tending to resume somewhat their original contour and appearance. In the 
more extensive cases, curettage of the fungating mass, involving the uterus or 
ceryix and vagina, followed by severe irradiation and irradiation of the recto¬ 
vaginal septum by means of a well-filtered tube in the rectum, has been produc" 
tive of a marked regeneration and relief. 

Such applications to inoperable carcinomata of the rectum have occasionally 
prolonged life for months and even years and saved the patient the discomfort 
of an artificial anus. Recurring nodules and inoperable carcinomata of the 
breast have occasionally been dissipated by radium and, when this treatment 
has been combined with resection of diseased glands, a few cases have been free 
after many months. In most extensive cases well-filtered radium may be im¬ 
bedded within the tumor—inserted bena&th it by elevating the mass and pass- 
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ing the applicator along the chest wall—and may be applied from without by 
varnish applicators and tubes, over mapped-ont areas of the surface, directed 
toward the center of the mass, tlnis, in so far as possible, insuring a sufficient 
and equal distribiition of rays throughout the entire mass. 

A striking percentage of excisions, without recurrence of carcinomata of the 
breast, prophylactically irradiated directly healing was established, are reported, 
and a few cases have been made operable by radium applications. 

Internal cancers involviny or in the immediate vicinity of vessels and viscera 
must bo approached with care because of the possibility of a destruction of the 
walls of these organs; nevertheless, in tho.se usually inoperable cases, something 
can be hoped for from a surgical exposure, with or without a partial extirpa¬ 
tion of the malignant mass followed by irradiation by imbedation. Frequently 
severe shock and septic infection follow such an effort, but if survived, a very 
considerable prolongation of life can result. 

Inoperable carcinoma of the, esophayus and stomach can bo irradiated by 
esophageal radium carriers or, in the case of the stomach, through a gastrotomy 
wound made for the purpose or for exploration, often with the amelioration of 
distressing symptoms and a prolongation of life. 

Cancers of the neck and groin, involving the deep vessels, more or loss have 
by irradiation after partial extirpation shown marvelous improvement up to an 
apparent resorption of the mass. 

It is in the malignant sarcomata that radium seems to exert its greatest selec¬ 
tive action. Several cases of giant-celted sarcoma of the femur have disappeared 
entirely after imbedding tubes of radium unifonnly thronghont the mass. One 
or 2 very extensive cases, <lating back several years, are apparently free from 
disease. Idiis method of treatment is to be considered in comparison with 
so serious and deforming a surgical procedure as amputation at the hip, 
often followed by extension of the disease in spite of so heroic an 
effort. 

Even extensive sarcomata of the parotid gland and tonsil are sometimes 
marvelously influenced, and radium, by imbedation and surface irradiation, is 
here indicated when surgery has failed or is likely to fail. 

Inoperable sarcoma of the prostate offers a field for radium therapy by im¬ 
bedding tubes in the mass itself and irradiations directed toward the mass per 
bladdet and per rectum. 

Epulis, when it defines an osteosarcoma, is readily influenced by radium 
rays, and inoperable or borderline cases should be so treated; a preliminary 
curettement of the softer broken-down tissue is advantageous. Here again 
large amounts of well-filtered radium are essential. 

The indications for radium treatment of metastatic glandular involvement 
in cancerous disease are the same as in cancer itself—extensive inoperable 
masses of enlarged matted glands are reduced and the consequent pain and 
swelling from pressure often present are more or less relieved. 

Koenig and Gans, after a large clinical experience with considerable quanti¬ 

se 
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ties of radium at their disposal, have formulated the following indications for 
the radium treatment of cancer: 

1. When cancer is operable, but can be easily controlled by sight and touch, 
employ radium. 

2. When cancer is operable and not easily controlled by sight and touch, 
operate, provided the postoperative mortality is not too high. 

3. When inoperable, radiate. 

4. After operation, when there is a probability of a recurrence, radiate. 

These broad indications are in a fair way to be justified in ttie near future. 

In the face of tho startling results that have been attained in the radium treat¬ 
ment of cancer, it is well to boar in mind that the disappearance of a cancer 
growth and the cure of cancer disease are far from synonymous terms. 

A field for experimentation'along these lines lies in the injection of soluble 
and insoluble salts of radium in and around the tumor, in water and oily 
media, respectively. The results in animal experimentation up to tho present, 
while not very striking, are not yet condemning. • 

Tuberculosis. — Lupus vulgaris and tuherctilous nodules are favorably in¬ 
fluenced by radium but it is necessary to produce a considerable inflammatory 
reaction to get results, with more or less scarring apd telangiectases resulting.- 
Ultraviolet rays from the Kromayer or Finscn lights are equally effective, with 
better cosmetic results, and are, therefore, to be preferred. In infiltrated, thick, 
granulomatous lupus vulgaris lesions, inflammatory radium expos^ires followed 
by Kromayer light treatments after the inflammatory reaction has subsided are 
of advantage. Rather extensive and lightly filtered irradiations are here indi¬ 
cated. 

In ^Lpus of the mucous membrane, however, because of its inaccessibility, 
the various radium appliances are the most convenient and successful thera¬ 
peutic agents. Radium has healed tuberculous sinuses, and ulcers and tuber¬ 
culous glands are frequently reduced by ultrapenetrating radium rays from the 
surface. T^ere seems to be no particular susceptibility on tho part of tubercu- 
’ • lous tissue over other tissues to rays of radium and they are not actively germi¬ 
cidal. 

St ^ Ooiter.—Seyeraji cases of exophthalmic goiter have been reduced and the 
nervous and other symptoms relieved by frequently repeated exposures to ultra- 
penetrating rays. The “cross-fire” method, with large amounts of the felement, 
can be applied conveniently in these cases becaiise of the anatomical situation 
and configuration of the tumor. Radium tubes may also be imbedded in the 
substance of the glafid. 

Hodgkin’s Disease. —Some cases are temporarily relieved, the glandular and 
splenic swellfligs reduced and the anemia and hlood picture improved by irradi¬ 
ations with large amounts o:^ultrapenetrating rays. 

* A case of splenomegaly is reported with a reductioil from 300,000 to 6,000 
in the white cell count and a greatly enlarged spleen reduced to normal in a few 
weeks, improvement still persisting after several months. Inflammatory glandu- 
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lar enlargements in general are more or less influenced by a decongcstive action 
of radium rays without any inflammatory reaction. 

Leukoplakia.—Leukoplakia, a condition prono to degenerate, notoriously re¬ 
bellious to treatment and, because of the extent of the lesions, often not amena¬ 
ble to surgical methods, when thick, indurated, inaniinillated and cracked, can 
be reduced to a smooth,level,grayish membrane by slightly inflammatory irradi¬ 
ations, the pain and tenderness relieved and the liability to degeneration dimin¬ 
ished. The level or slightly grayish, painless patches, show little improvement 
and are better tlreated with soothing or mildly astringent lotions and applica¬ 
tions and the interdiction of tobacco, alcohol and irritating foods and drinks. 

Chronic, sluggish ulcerations, such as arc often seen on the lower legs, with 
a poor circulation and with varicose veins, can often be made to heal by re¬ 
peated, mild, stimulating applications of radium. 

Neuralgic and Itching Conditions.—The marvelous neurotrophic effect of 
radium in relieving indefinite neuralgic and itching conditions and its broad 
application in the field of dermatology should always be remembered. 


. Compared with the X-ray, radium in sufficient amounts will accomplish, 
therapeutically, anything that the former can do. Its Gamma rays are more 
penetrating than any of the X-rays so far produced, and its portability and the 
convenience of the method of application arc important considerations. 

The stability of the amount and character of rays emitted from an hermeti¬ 
cally sealed apparatus is a very important advantage in radium therapy. 
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zone, 82 

zone 3: the subconscious zone, 83 
zone 4: the zone of light surgical 
anesthesia, 83 

zone 5: the zone of full anesthesia, 

83 

zone 6: the zone of deep anes¬ 
thesia, 84 

zone 7: the zone of profound an¬ 
esthesia, 84 

zone 8: the slowly lethal zone, 84 
zone 9: the rapidly lethal zone, 

84 

stage of recovery in, 81 
agents used as adjuncts of, 102 
alkaloidal narcotics, 102 
atropin, 103 
dosage of, 103 
morphin, 102 
dosage of, 103 
BCopolamin, 102 

use of, following anesthesia, 103 
chloroform, 104 
technic of, 105 
ethyl chlorid, 105 


Anesthesia, general, ether in, agents used as 
a«ljuncts of, nitrous oxid, 103 
technic of, 103, 104 
nitrous oxid-oxygen, 104 
clinical course of, 75 

first stage or stage of conscious ex¬ 
citement in, 75 

second stage or stjigc of involuntary 
excitement in, 75 

thir<l stage or st.age of surgical anes¬ 
thesia in, 7(5 

fourth stage or 8t.age of overdose in, 
77 

fifth stage or stage of recovery in, 78 
excretion of, 75 
physiological action of, 73 
local anesthetic, 73 
on body function, 74 
, on blood pressure, 74 
on heart action, 74 
on respiration, 74 
on sensorium, 74, 75 
on fatty substances, 75 
on skin, mucous and serous surfaces, 73 
Anesthesia, general, ethyl chlorid in, 125 
administration of, 12(5 
closed method of, 120 
senii-open method of, 126 
period of recovery in, 126 
physiological action of, 125 
on respiration, 125 

on sensorium, 125 • 

zones in, 126 

Anesthesia, general, nitrous oxid in, 110 
adjuvants of, 123 

alkaloidal narcosis, 124 
b'chnic of, 124, 125 
ether anesthesia, 123 
technic of, 124 
postoperative narcosis, 125 
administration of, 118 
of nitrous oxid-oxygen mixtures, 118 
advantages and limitations of, 122 
apparatus for, 115 
for control of gases, 116 
for gas supply, 116 
inhaler in, 115 

general considerations of, 118, 119 
methods of ilelivery in, 119 
by Connell method, 121 
by continuous flow method 
(Boothby), 120 
by insufflation, 121 
partial, 121, 122 

by interrupted flow or rebreathing 
method (Catch), 120 
of nitrous oxid, pure, 118 
physiological action of. 111 
with nitrous oxid-oxygen niixtiire, 112, • 
113 

zones in, 113-115 
with undiluted nitrous oxid, 111 
overdose in. 111, 112 
theory of, 72 
Anesthesia, local, 47 
by chemical agents, 48 
adjuvants in, 51 
epinephrin, 51 
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Anesthesia, local, by chemical agents, agenAs 
in, 49 

alypin in, 51 
beta-eucaiil in, 51 
by action on nerve termmals, 48 
by action on nerve trunSs, 49 
by infiltration, 52' • I 

apparatus for, 52 
for celiotomy, 57 
for hemorrhoids, 59, 60 
for minor operations on neck and 
throat, 56 

for operations about head and face, 55 
for operations on fingers, 60 

on inguinal aud femoral hernia, hy¬ 
drocele of the cord, and gland 
of the groin, 58 
on knee, 59, 60 
on toes, 60 • . 

for reduction of fractures of long 
bones, 60 

for thyroidectomy, 56 
for thoracotomy, 56 
for tracheotomy, 56 
general considerations of, 52 
general technic of, 53 
preferred technic of, for special 
groups of operations, 53 
extensive operations on acutely in¬ 
flamed areas, 55 

major operations on non-inflamed 
* areas, 54 

minor operations on inflamed areas, 
53 

minor operations on non-inflamed 
areas, 53 

by injection into medullary canal, 64 
agents employed in, 67 
apparatus for, 66 
limitations of, 66 
physiology of, 65 
circulation in, 65 
respiration in, 65 
skin in, 66 
uterus in, 66 

preparation of anesthetic agent in, 66 
. preparation of patient in, 68 
technic of, 68 

by intra-arterial injection, 70 
technic of, 70 

by intraneural infiltration, 61 _ 
brachial plexus anesthesia in, 62 
by intravenous injection, 69 
technic of, 70 
by osmosis, 51 
’ cocain in, 52 

by perineural infiltration, 63 
technic of, 63, 64 
cocain in, 49 

for mucous membranes, 51 
preparation of solution of, 49, 50 
eucain in, 51 
holocain in, 51 
novocain in, 50 

quinin and urea hydrochlorate in, 51 
r68um6 of, 71 
stovain in, 51 
tropocain in, 51 


Anesthesia, local, by physical agents, 48 
pressure, 48 
refrigeration, 48 

indications and limitations of, 48 
technic of, 48 
Anesthesia, regional, 61 

by injection into medullary canal, 64 
agents employed in, 67 
apparatus for, 66 
limitations of, 66 
physiology of, 65 
circulation in, 65 
respiration in, 65 
skin in, 66 
uterus in, 66 

preparation of anesthetic agent in, 
66 

preparation of patient in, 68 
technic of, 68 _ 
by intra-arterial injection, 70 
technic of, 70 

by intraneural irtfiltration,_ 61 
brachial plexus anesthesia in, 62 
by intravenous injection, 69 
techivic of, 70 

by perineural infiltration, 63 
technic of, 63, 64 
Anesthesia, surgical, 47 
general, nature of, 47 
local, nature of, 47 
Aneurysm, and operation, 191 

arteriovenous, in bullet wounds of blood 
vessels, 663 
treatment of, 379 

axillary, operative treatment of, 390 
in gunshot wounds of neck, 669 
medical treatment of, 363 
of abdominal aorta, 383 

free fascial transplants in, 385 

intrasaccular suture in, 384 

ligation of aorta in, 383 

plication by lateral parietal suture in, 

385 

stri^ of aorta used in, 385 
temporary compression of aorta in, 383 
by instruments through laparotomy 
wound, 383 
by metal bands, 384 
by tourniquet, 383 
wiring with electrolysis in, 384 
of carotid, common, operative treatment of, 

386 

cerebral complications in, 386, 387 
pressure symptoms in, 386 
external, and its branches, 388 
internal operative treatment of, 387, 
388 

of femoral artery, operative treatment of, 
393 

of iliac arteries, operative treatment of, 
391 

in external tract, 391 
in internal branches, 392 
extirpation in, 392, 393 
of innominate artery, treatment of, 386 

1 complications in, 386 

distal ligation in, 386 
wiring with elictrolysis in, 386 
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Aneurysm, of popliteal artery, operative treat- 
ment of, 393-395 
of renal arteries, 385 
of subclavian artery, 389 
medical treatment of, 389 ' 

operative treatment of, 389 
ligation in, 389 
surgical treatment of, 363 
aneurysmectomy, 377 
compression in, 364 
digital, 364 
direct, 364 
elastic, 364 
postural, 364 

endo-anourysmorrhapby and ancurysmo- 
plasty operations in, 370 
technic of closure of arterial stomata 
of sac in, 370 

treatment of sac following closure of 
stomata in, 374 
■ ideal operations in, 377 
ligation in, 365 
distal, 368 

early methods of, 365 
objections to, 368 
proximal, 367 
results of, 368 
technic of, 366 
needling in, 369 
refrigeration in, 363 
wiring in, 369 

Moore’s method of, 369 
with electrolysis (Moore-Corradi), 369 
syphilis and, 173 
thoracic, 379 

ligature of thoracic aorta in treatment 
of, 382 

saccular form of, 380 
wiring with electrolysis in, 380 
complications in, 381 
results of, 381 

Aneurysmal varix in bullet wounds of blood¬ 
vessels, 663 

in gunshot wounds of neck, 669 
Aneurysmectomy, 377 

“ideal” operations in, 377 
Aneurysmoplasty operations, 374 
Angina, vaccine therapy of, 210 
Angina Ludovici, contra-indicating opera¬ 
tions, 187 

Angiomata, of the lower lip, operation for 
excision of, 494 
radium therapy of, 765 
vascular, operations on capillaries for 
treatment of, 328. See also 
under Capillaries. 

Ankle, bursm about, diseases of, 633 
Ankle joint, dislocation of, l&l 
backward, 757 
forward, 757 

infected wounds of, treatment of, 665 
Anoci-association anesthesia, 127 
technic of, 127, 128 

Anthrax, in animals, vaccine therapy of, 
206 

in man, serum therapy of, 206 
treatment of, 695 

eaiboUc acid injections in, 695 


Anthrax/ treatment of, operative, 696 
serhm therapy in, 695 
Aiitibouies, 198 * ^ 

Antigens, 198, 201 

Antiseptics, intravenous injections of, for 
treatment of wounds in blood 
infections, 691 

Antitoxin, diphtheria. See Diphtheria anti¬ 
toxin. 

effect of heat on, 200 
tetanus. See Tetanus antitoxin. 


Antyllus, use of ligature by, for aneurysm, 
365 


Anuriii, contra-indication to operation, 192 
“Anesthesia paralysis,” 550 
Anesthetic, intras])inal injection of, tempo¬ 
rary relief of spasticity by, 530 
AnesthetomeU^r, (hmnell, 131-134 
Aorta,^ abdominni, aneurysm of. Sec under 
Abdominai aorta, 
ligation of, in continuity, 430 
anatomy of, 430 
operation in, 431 

extraj)eritoneal ligation in, 431 
results of, 431 

thoracic, aneurysm of. See Thoracic 
aneurysm. 

Appendicitis, perforative, in tabetics, 173 
Anns, anesthetization of, 64 

fractures of. See under Fractures, 
gunshot wounds of, 671 
infected wounds in joints of, 666 
muscles of, ischemic contracture of, 616 
causes of, 616 
results of, 616 
treatment of, 616-618 
rupture of, opiirative treatment of, 
613 


Arterial anastomosis. See under Anastomo¬ 
sis. 

Arteries, embolus in, arterial section for, 283 
arteriovenous anastomosis for removal 
of, 275. See also under Arter¬ 
ies. 

Arteries, ligation of, in continuity, 399 
force applied in, 400 
force necessary to rupture coats in, 401 
in abdominal aorta, 430 
anatomy of, 430 
operation in, 431 

extrapcritoneal ligation in, 431 
results of, 431 
•in axillary artery, 420 
anatomy of, 420 
operation in, 421 

ligation of first portion in, 421 
ligation of second portion in, 422 
ligation of third portion in, 422 
results of operation in, 422 
in brachial artery, 422 
anatomy of, 422 
operation in, 423 
in cubital fossa, 424 
in middle third, 424 
in upper third, 423 
in carotid, common, 405 • 

anatomy of, 405 
operation in, 406 
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Arteriep, ligation of, in continuity, in caro¬ 
tid, common, operation in, liga¬ 
tion al)ov() omohyoid in, 406 
ligation below omohyoid in, 407 
results of operation in, 407 
external, 408 
anatomy of, 408 
operation in, 408-411 
internal, 411 
anatomy of, 411 
operation in, 411 
results of oi)eratiou in, 411 
in circuintiox artery, deep, 439 
anatomy of, 439 
operation in, 439 
in dorsalis pedis artery, 447 
anatomy of, 447 
operation in, 448 
in epigastric artery, deep, 439 
anatomy of, 439 
operation in, 439 
in femoral artery, 439 
anatomy of, 439 
operation in, 440 

in common femoral, 440 
in superficial femoral at a])cx of 
iScarpa’s triangle, 440 
in superficial femoral in Hunter’s 
canal, 441 
in gluteal artery, 435 
anatomy of, 435 
operation in, 436 
in iliac artery, common, 431 
anatomy of, 431 
operation in, 432 
extraperitonea I, 433 
transperitoiu'al, 432 
results of operation in, 434 
external, 438 
anatomy of, 438 
operation in, 438 
extraperitoneal, 438 
transperitonea I, 438 
results of operation in, 438 
internal, 434 
anatomy of, 434 
operation in, 431 
results of operation in, 435 
in innominate artery, 403 
anatomy of, 403 
operation in, 404 
first method of, 401 
second method of, 404 
third method of, 401 
results of operation in, 404 
in mammary artery, internal, 419 
anatomy of, 419 
operation in, 419 420 
in peroneal artery, 445 
anatomy of, 445 
operation of, 445 
in lower third, 445 
in upper third, 445 
in popliteal artery, 411 
anatomy of, 441 
operation in, 442 

in lower‘part of popliteal space, 443 
in upper part of popliteal space, 442 


Arteries, ligation of, in continuity, in pop¬ 
liteal artery, results of opera¬ 
tion in, 443 

in pudic artery, internal, 437 
anatomy 'of, 437 
operation in, 437 
in radial artery, 425 
anatomy of, 425 
operation in, 426 
in hand, 427 
in lower third, 426 
in upper third, 426 
in Avrist, 427 
in sciatic artery, 437 
anatomy of, 437 
operation in, 437 

operation in third or second portion of, 
417 

results of, 418 
in subclavian artery, 413 
anatomy of,'413 

operation in first portion of, 415 
results of, 416 
in supra orbital artery, 413 
anatomy of, 413 
operation in, 413 
in tibial artery, anterior, 445 
anatomy of, 445 
operation in, 446 
in lower third, 447 
in upper third, 446 * 

posterior, 443 
anatomy of, 443 
oj)erntion in, 444 
behind the medial malleolus, 444 
in middle of leg, 444 
in ulnar artery, 428 
anatomy of, 428 
operation in, 429 
in hand, 430 

in juncture of upper and middle thirds, 
429 

in lower third, 429 
in wrist, 429 
in vertebral artery, 418 
anatomy of, 418 
operation in, 419 
results of operation in, 419 
indications for, 399 
instruments for, 399 
knot in, 400 

ligature material for, 399 
oi)cning of sheath of vessel and passing 
aneurysm needle in, 402 
recognition of artery in, 401 
results of, 401 
Arteries, operations on, 255 
to check bleeding, 255 

bandages and compresses in, 256 
digital pressure in, 256 
forcipressure in, 257 
ligation in, 258 
])Ostural compression in, 2.55 
torsion in, 258 
tourniquet in, 256 
elastic, 256 

massage and elevation in use of,256,257 
pneumatic constrictor as, 257 
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Arteries, operations on, to restore or rei'stab- 
lish eireulation. 
arterial anastomosis in, l!G2 
ehoiec of niethoils in, 117:3 
Guthrie on f;enernl restoration in, 2711 
indications and eontra-indieations for, 
262 

instruments for, 2611 
methods used in, 2611 

broad inar(rinal apjiosition methods, 
26.5 

Briau-.raboulay, 26.'>, 266 

Dorrance, 266 

Lespinasse and Kisenstaedt, 266, 
267 

Salomoni, 265, 266 
direct marginal approximation 
methods, 266 

Carrel’s method of, 267, 2711 
general rules in, 267 
instruments for, 26S 
preparation of \essels and 
hemostasis in, 26S 
reestablishment of eireulation 
in, 26!( 

sutures in, 261) 
stay, 270 

Dobrowolska |a's method of, 271, 
272 

Guthrie’s method of, 270 

Horsley’s method of, 271 

.Teger’s teehnie of, 270, 271 

0’J)aj'’s teehnie of, 272 
invagination methods of Murphy, 
26:i, 272 

early method, 265 

reeent method, 264 
invagination method of Payr, 264, 
272, 27:i 

Hoepfiier’s niodifleatien of, 264, 
265 

results of, 274 
arterial section, 283 
operation in, 283 
results of, 284 

arteriovenous anastomosis, 275 
choice of methods in, 27!) 
end-to-end, 275 

Carrel’s method, 275 
Murphy’s method, 275 
end-to-side, 275 

Carrel and Guthrie’s methods of, 
275, 276 

Jeger’s method of, 277 
Wieting’s method of, 276 
results in, 281 
side-to-side, 277 

Bernheim and Stone’s method of, 
279 

Carrel’s method of, 277 
Guthrie’s method of, 278 
Lespinasse and Kisenstaedt's method 
of, 278 

lateral suture in, 259 
instruments in, 259 
preparation for, 259 
technic of operation in, 260-262 
transplantatioi. of arteries in, 285 


Arteries, trauma of, arteriovenous anastomo¬ 
sis for removal of obstruetiou 
in, 275. Sri' also uiulrr Arter¬ 
ies, operations on. 
.■\rterioselerosis and operation. 191 
Arteriu\enuus anastomosis. .S’i'e under Anas¬ 
tomosis. 

Arteriovenous aneurysm, treatment, 379 
Arthritis, e o ni p 1 i c a t i ii g scarlet fever, 
156 

vaccine therapy of, 206 
Artilicial respiration. Srr b’espiration, arti- 
licial. 

Artillery, modern, of land warfare, 672 
Asi-ites, Handley's operation for establishing 
artilicial ehannels for lymph 
drainage in, 332 
.‘tseptic surgical technic, 1 
agenty ot iiitection in, 2 
as|iiratiiig syringes in, 14 
autoclave or steam sterilizer in, 22-25 
drainage in. 13 

cigaretti' drain for, 13 
glass tubes for, 13 
rubber ti.ssiie tirains for, 14 
rubber tiilu's for, 13 
dressings in. 8 
bandages for, 11 
mull, I I 

|daster of-Paris, 11 
silicate of soda, 12 
adhesive plasters for, 12 
moleskin, 12 
zinc oxid, 12 
cotton, 10 
gauze, 9 

imjiregiiated, 10 
sjionges for, 10 

fractional sterilization of materi.als in, 3 
hands in, )ireparatioii for, 16 
rubber gloves lor, 16, 17 
putting on of, 19 
sterilization of, 18 
use of, arguments for, 18, 20 
hypoilermic syringes in, 14 
instrumeiits in, 14 
selection of, 14 
sterilization of, 15 

methods of |)reveiition and counteraction 
of infection in, 2 
by germicidal agents, 3 
chemicals, 3 
alcohol, 1 

bichlorid of mercury, 4 
carbolic, acid, 4 
fonnaldehyd gas, 5 
iodin, 4 
iodoform, 4 

potassium xmrmanganate, 4 
iieat, 3 
boiling, 3 
cautery, 3 
hot air, 3 
live steam, 3 

by mechanical means of sterilization,, 
3 

skin of patient in, 21 
sources of infection in, 2 
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Aseptic surgical technic, suture material 
in, 5 

aluminum alloys, 8 
catgu^ 6 
preparation of, 6 
by chromic acid method, 7 
by cumol method, 6 
by iodin method, 7 
kangaroo tendon, 8 
Pagcnstecher's thread, 8 
sill^ 8 

silkworm-gut, 8 
silver wire, 8 
water sterilization in, 25 
Aspirating bottle, Connell, 229 
Aspirating syringes, 14 
Aspiration in o])erativo surgery, 229 
continuous, application of, during opera¬ 
tion, 2;i6 

advantages of, 225 
for pro(lnction of hyperemia, 246 
in Jibdonien, 227, 228 
in gall-bladder and duets, 228 
in genito-iirinary tract, 228 
in head, 226 

in intra-abdominal conditions, 228 
in mastoid region, 227 
in mouth ami pharynx, 227 
in spinal cord, 227 
in stomach, 228 
in thorax, 227 

postoperative application of, 229 
apparatus for, 229, 240 
in abdomen, 244 
in head, 240 

in mouth and pharynx, 241 
in thorax, 241 

Kenyon’s method of, 242-244 
producing of, 229 

care and cleaning of apparatus in, 222 
connections between suction pump and 
wound in, 222 
first use of pumps in, 222 
in private houses, 231 
pumps in, 229 
ejector, 230 
filter, 230 
mechanical, 229 

operated by fluid or vapor, 230 
tips or nozzles in, 232 
double tip, 233 
for mouth and pharynx, 235 
for use as retractors, 235 
single tube, 222 

Atropin as adjunct in ether anesthesia, 103 
dosage of, 103 

Atropin sulphate, hypodermic injection of, 
for shock, 677 
Autoclave, 22-25 

Autogenous vaccines, 204, 205 ' * 

Avulsion, nerve, 536 

Axillary artery, aneurysm of, operative 
treatment of, 390 
ligation of, in continuity, 420 
anatomy of, 420 
operatiou in, 421 

ligation of first portion in, 421 
nation of second portion in, 422 


I Axillary artery, ligation of, in continuity, op¬ 
eration in, ligation of third por¬ 
tion in, 422 

results of operation in, 422 

Babcock’s method of excision for varicose 
veins, 322 

Bacillus aerogenes capsulatus infection, vac¬ 
cine therapy of, 206 
Bacillus pestis. See Bubonic plague. 
Bacterial immunity, 200 
bacteriolysis in, 201 
jdiagocytosis in, 200 

Biicterial toxins, immunity conferred by injec¬ 
tion of small quantities of, 19.9 
immunity to, 199 
intracellular, 199 
Bacteriemia, treatment of, 691 
Bacteriolysis, 201 

Baeteriotropins, 201 ’ 

Baking-soda solution for burns, 698 
Balkan war, statistics of mortality of pointed 
bullet in, 654, 658 

Bandages, 11 
mull, 11 

plaster-of-l’aris, 11 
silicate of soda, 12 

Bandages and compresses to check bleeding 
in arteries, 256 
in veins, 286 

Bath, continuous, in treatment of burns of 
third degree, 699 

Beck’s subnitrate and vaselin injection in 
treatment of tuberculosis of 
muscles, 620 

Bedbugs, bites of, treatment of wounds due 
to, 686 

Beebe’s antithyroid serum, 208 
Bees, stings of, treatment of wounds duo to, 
686 

Bennett inhaler for nitrous oxid-ether anes¬ 
thesia, 103 

Bentley Squier’s portable table, 42, 43 
Benzin method of skin sterilization for opera¬ 
tions, 149 

Beraneck’s tuberculin, 216 
Bornheim’s transfusion tube and techuc in 
direct blood transfusion, IPS 
Bernheini and Stone’s method of side-to-side 
arteriovenous anastomosis, 279 
Berry and Legg’s method of operation for 
cleft palate, 470 

Beta-eucain in local anesthesia, 51 
Beta rays of radium, 762 
Bichlorid of mercury for sterilization in 
aseptic surgical technic, 4 
Bichlorid of mercury poisoning, 184 
operation contra-indicated in, 185 
stripping of capsule of kidney in, 184, 185 
symptoms of, 185 

Bismuth subnitrate and vaselin injection in 
treatment of tuberculosis of 
muscles, 620 

Bladder, diseases of, and operations, 192 
gunshot wounds of, 670 
Blastomycosis, treatment of, 697 
Bleeding in arteries, operations to check, 255 
bandages and compresses in, 256 
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Bleeding in arteries, operations to check, dig¬ 
ital pressure in, 256 
forcipressure in, 257 
ligation in, 258 
postural compression in, 255 
torsion in, 258 
tourniquet in, 256 
elastic, 256 

massage and elevation in use of, 256, 
257 

pneumatic constrictor as, 257 

Bleeding in capillaries, operations to check,627 
ligation en masse for, 328 
local coagulants in, 327 
adrenalin, 327 
gelatin, 327 
hot-water, 327 
hydrogen peroxid, 327 
packing for, 328 

Bleetling in veins, operations to check, 286 
bandages and compresses in, 286 
cautery in, 286 
digital pressure in, 286 
forcipressure in, 286 
gauze packing in, 286 
ligation in, 286 
postural coinprcssion in, 286 
torsion in, 286 

Blepliaroplasty. ffee Kyelids, plastic sur¬ 
gery of. 

Blood infections, due to bacterial invasion 
from wounds, 691 
treatment of, 691 

Blood transfusion, 299 
choice of methods in, 316 
contra-indications for, 300 
dangers of, 318 

agglutination in, 318 
air embolism in, 319 
alteration of gaseous tension of bloo<l in, 
319 

blood embolism in, 319 
dilatation of heart, acute, in, 319 
hemolysis in, 318 
transmission of disease in, 318 
defibrinated blood in, 341 
direct transfusion in, 303 
flifery-to-vein method of, 303 
’Bernheim’s tube in, 306 
Brewer’s tubes in, 308 
Carrel’s suture in, 308 
Crilc’s cannula in, 303 
Elsberg’s c.-innula in, 305 
vcin-to-vein method of, 309 
Fauntleroy’s tubes in, 309 
for immunization, 225 
for shock, 30, 678 
general management of, 300 

amount of blood to be transfused in, 
303 

controlling of inflow of blood in, 301 
testing blood of donor and recipient in, 
300 

history of, 337 
apparatus used in, early, 337 
later, 339 
recent, 34(W 

syringe methods of recent times in, 340 


Blood transfusion, indications for, 299 
indirect transfusion in, 310 
Cooley and Vaughan’s method of, 312 
Curtis and David method of, 310 
Kimpton’s method of, 312 
Lindenmn's method of, 312-315 
McCrath’s method of, 315 
jSatterlec and Hooker's method of, 316, 
337 vt acq. 

operation with hirudin-coated pipots 
in, 35.'! 

preparation of pipots with hirudin 
in, 354 

oi)erntion with paralliii-coatcd pipot in, 
345 

np])aratii8 in, 316 
instruments in, 345 
preparation of pipots ^vith parallin 
coating in, 352 
‘technic of, 317 

theoretical consiilerations and prin¬ 
ciples underlying, 342 
instruments for, 300 
])urallin methods in, 312 
Blood-\e8Hels, compression of, through intra¬ 
muscular incision fur checking 
of liemorrliago in operations, 
31 

gunshot wounds of, 6li3 
recurrent bUsMling in, 663 
secondary hemorrhage in, 663 
spontaneous stopping of bleeding in, 
(lO:! 

treatment of, ti63 

ino|)eral>le cancer of or near, radium 
lhera|iy for, 769 

ligating of, in hemostasis in operations, 29 
in p(Mliides, 29 

oi)eration8 on, 219. <S'ec aho under Arter¬ 
ies, Veins, Capillaries and 
l/,ymphatics. 

anatomical considerations in, 251 
general eonsiderations of, 219 
instrunumts nstnl in, 253, 2.54 
methods used in, 255 
surgical [irocediires in, 250 
on arteries, 250 
on ca])illnries, 251 
on lyin])h!iticH, 251 
on veins, 250 

Blundell, .Tames, blood transfusion oxpori- 
menls of, 338 
Blundell’s gravitator, 339 
“impellor, ” 338 
Boiling, in sterilization, 3 
Bone bleeding, checking of, in operations, 29 
Bono o{)orations, technic of, 31, 32 
Bone resection in ncuroplasty, 541 
Bones, fractures of, due to gunshot wounds, 
664 

infected, 664 
gunshot wounds of, 062 
Boothby apparatus for nitrous oxid-oxygen, 
air and ether mixtures, for anes¬ 
thesia, 116, 117 

continuous flow method of administration 
of gases in nitrous oxid-oxygen 
anesthesia, 120 
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Boothby method of setting stay sutures in 
vein before removal for trans¬ 
plantation, 293 

Bordet-Gengou phenomenon, 222 
Brachial artery, ligation of, in continuity, 
422 

anatomy of, 422 
operation in, 423 
in cubital fossa, 424 
in middle third, 424 
in upper third, 423 

Brachial birth paralysis, Erb’s type of. See 
Brachial plexus lesions. 

Brachial plexus anesthesia, 62 
Brachial plexus lesions, .545 
below the clavicle, 555 
in adults, exploratory operation in, 551 
in infants, early operation in, 549 
nature ofj 546 

operative treatment of, 551 • 

postoperative treatment of, 555 
treatment for, preceding operation, 549 
Bradford frame for a[>plication of plastcr-of- 
Paris jacket with patient in 
prone position, 744 

Breast, inoperable cancer of, radium therapy 
for, 768 

Brewer’s tubes and technic in direct blood 
transfusion, 308 

Brian-Jaboulay interrupted suture for arter¬ 
ies, 261, 262 

method of end-toend suture of arteries, 
265, 266 

Bridging, nerve, 540 
by nerve transplantations, 540 
by tubulization, 541 
by use of a vein, 541 

Bronchi, discuses of, and anesthetic in op¬ 
eration, 189 

Bronchial obstruction to respiration in anes¬ 
thesia, 137 

Bronchopneumonia complicating measles, 156 
Brophy’s method of operation for cleft pal¬ 
ate in patients wliose bones are 
well ossified and deciduous teeth 
well erupted, 478 

osteoplastic operation for cleft palate in 
infants, 482 

Bubonic plague, serum therapy of, 212 
vaccine therapy of, 212 
Buck’s extension for fractures of shaft of 
femur, 731, 732 

Bullets, modern military pointed rifle, 652 
French, 653 
German, 652 

Biedinger’s experiments with, 652-654 
wounds produced by, 653 
in Balkan war, 654, 658 
rifle, wounds due to, 661. See also under 
Gunshot wounds. 

Burns, 697 

due to chemicals, 700 
acids, 700 

caustic alkalies, 700 
due to cold, 702 
due to electricity, 701 
due to heat, 697 
first aid in, 698 


Bums, due to heat, general treatment of, 700 
local treatment of, 698 
in first degree burns, 698 
in second degree burns, 698 
in third degree burns, 698 * 
late, 699, 700 
due to light rays, 700 
due to radium, 701 
I due to sun, 700 
due to X-rays, 700 
Bursas, 630 

about ankle, diseases of, 633 
about hip, diseases of, 633 
about knee, diseases of, 633 
diseases of, 632 

inflammations of, 630. See also Bursitis. 
mucossB, 630 

olecranon, diseases of, 633 
physiology of, 630 
popliteal, diseases of, 633 
prepatellar, diseases of, 633 
subacromial, 632 
subdeltoid, 632 
acute inflammation of, 632 
treatment of, 632 
tuberculosis of, 632 
treatment of, 632 
synovia), 630 
tuberculosis of, 632 
Bursitis, acute, 630 
treatment of, 630 
acute suppurative, 631 
etiology of, 631 
tre,atment of, 631, 632 
chronic, 631 

treatment of, 631 
occupation, 531 
subacromial, 632 

subdeltoid, 632. See also Subdeltoid bursa. 

Calmette’s conjunctival tuberculin reaction, 
221 

Calot’s head sling, 742 • 

plaster-of-Paris jacket, 747 
removable, 748 

Camphor dissolved in olive oil, hypodermic 
injection of, for shock, 677 
Cancer, inoperable, radium therapy of, 767 
metastatic glandular involvement in, 
769 

of breast, 768 
of cervix, 768 
of esophagus, 769 
of groin, 769 
of neck, 769 
of rectum, 768 
of stomach, 769 
of uterus, 768. 
of or near blood vessels, 769 
of or near viscera, 769 
of tongue, radium therapy of, 767 
of tonsil and pharynx, radium therapy of, 
767 

radium therapy of, indications for, 770 
Canister in land warfare, structure of, 671 
Capillaries, operations on, 327 
to check bleeding, 327 
ligation en inasse in, 3z8 
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<)apillarie8, operatioM on, to check bleeding, 
local coagulants in, 327 
adrenalin, 327 
gelatin, 327 
hot water, 327 
hydrogen peroxid, 327 
packing in, 328 

to obliterate vascular channels in small 
angiomata and nevi, 328 
choice of method in, 330 
desiccation in, 328 
excision in, 328 
freezing in, 328 
injection in, 329 
ligation in, 329 

Carbolic acid cautery in actinomycosis, 006 
Carbolic acid in troatnient of tetanus, (>04 
Carbolic acid injections in antlirax, 00.') 
t^arbon bisiilphid poisoning, chronic, 703 
t/arbon dioxid snow in freezing of nevi, 328 
Carbon monoxid poisoning, acute, 702 ' 

Carbon tctrachlorid method of skin steriliza¬ 
tion for operations, 150 
Carbuncle, vaccine therapy of, 205 
Ciircinomata of muscles, 022 
Cardiac failure in anesthesia, 1,39 
etiology of, 139 
prophylaxis of, 140 
treatment of, 140 

Carotid artery, common, aneurysm of, opera¬ 
tive tre.itment for, 380 
cerebral complications in, 386, 387 
pressure symptoms in, 386 
ligation of, in continuity, 405 
anatomy of, 405 
operation in, 406 
ligation above omohyoid in, 406 
ligation below omohyoid in, 407 
results of operation in, 407 
external, aneurysm of, 388 
ligation of, in continuity, 408 
anatomy of, 408 
operation in, 408-411 

internal, aneurysm of, operative treatment 
of, 387, 388 

ligation of, in continuity, 411 
anatomy of, 411 
operation in, 411 
results of operation in, 411 
Carpals, dislocation of, 758 
in mediocarpal joint, 758 
• of semilunar bone, 758 
Carpometacarpal joints, dislocation of, 758 
Carrel’s method of end-to-end arterial anasto¬ 
mosis, 267, 273 
general rules in, 267 
instruments for, -268 

preparation of vessels and hemostasis in, 
268 ’ 
reestablishment of circulation in, 269 
sutures in, 269 
stay, 270 

Carrel’s method of end-toi-end arteriovenous 
anastomosis, 275 

Carrel’s method of side-to-side arteriovenous 
anastomosis, 277 

Carrel’s suture method in direct blood trans¬ 
fusion, 308 


Carrel and Guthrie’s methods of end-to-side 
arteriovenous anastomosis, 275, 
276 

Case shot in land warfare, structure of, 671 
Catarrh, <*hronic, and operative, 189 
Catgut for suturing, 0 
preparation of, 6 
by chromic acid method, 7 
by cumol method, 6 
by io<lin method, 7 
Cauda e(piina, injuries to, 560 
anatomical cunsidcrutiuns in, ,560 
c.auses of, 560 
treatment of, 561 
results of, 501 

t'auti'ri/.jttion in sterilization of wounds, 3 
in treatment of nevi, 32!) 
to check bleeding in veins, 280 
t’eliotomy, infiltration anesthesia for, 57 
Celiotomy position in operations, 40 
Cellulitis, complicating acute su]>purntivo in- 
llammatiou of tciulon sheaths of 
hand, 642 

gaseous or emphysematous, treatment of, 
690 


treatment ot, tith) 

Centipede.s, tre.-ament of wounds duo to, 687 
Cerebral comiilications in treatment of com¬ 
mon carotiil aneurysm, 386 
Cerebral softening due to ligation of com¬ 
mon carotid in treatment of in¬ 
nominate aneurysm, 386 
Cerebrospinal meningitis, epidemic, 157 
lumbar jmiicture in, 157 
lumbar puncture in, 210 
serum therajiy of, 211 
vaccine therapy in, 211 
Cervical adenitis complicating diphtheria, 1.56 
Cervix, inoperalile cancer of, ra<liuni therapy 
for, 768 

Chapman lilU'r pump for aspiration, dn op-- 
erative surgery, 230 

Charcot's knee joint, resection in, in syphili¬ 
tic patients, 173 
Checks, plastic surgery of, 508 

Ksmarch-Koleralzig operation in, .513 
Oersuny’s modification of Krasko’s ope,'A- 
tion in, 512 

Hacker’s operation in, 509 
Hahn’s operation in, 509 
Hotchkiss’s operation in, 511 
Israel’s operation in, 508 
l./erda’s operation in, 509-511 
Ixixer's operation in, 509 
Cheeks, region of, autoplastic operations in. 
513 


for cicatricial maxillary occlusion, Oussen- 
bauer’s operation of, 513 
for dishgur'-ments due to facial paralysis, 
514 


hydrocarbon prothescs, 515 
preparation of paraffin in, 515 
syringes in, 515 
technic of operation in, 516 
treatment following operation in. 516 
muscle plastics in. Lexer method of. 514 
Cbeiloplasty. See Harelip, operations for, 
also under Lip, lower. 
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Cheilorrhaphy. See Harelip, operations 

fpr. 

Chemical abscesses, production of, for treat¬ 
ment of wounds in blood infec¬ 
tions, 692 

Chemicals, use of, in hemostasis in operations, 
29 

Chicken pox, surgical complications of, 154 
Chilblains, treatment of, 702 
Chloretone in treatment of tetanus, 694 
Chloroform, as adjunct in ether anesthesia, 
104 

technic of, 105 
danger of ignition of, 134 
physical properties of, 105 
Chloroform anesthesia, 105 

administration of chloroform in, technic of, 
108 

by open drop method, 108 ^ 

by vapor methods, 109 

continuous vjipor delivery in, 110 
interrupted vajjor delivery in, 109 
clinical course of, 107 

first stage or stage of conscious excite¬ 
ment in, 107 

second stage or stage of involuntary ex¬ 
citement in, 107 

third stage or stage of surgical anes¬ 
thesia in, 108 

fourth stage or stage of overdose in, 108 
fifth stage or stage of recovery in, 108 
effects of chloroform on body function in, 
106 

on circulation, 106 
on respiration, 106 
on sensoriuin, 107 
excretion of chloroform in, 107 
irritant action of chloroform in, compared 
with ether, 106 

physiological action of chloroform in, 106 
Chluinsky's solution as an antiseptic for 
wounds, 160 

for painting of infected wound after am¬ 
putation, 661 

in treatment of actinomycosis, 696 
Cholera, preventive vaccination, jn, 206 
scrum prophylaxis in, 206 
Chondromata of muscles, 622 
Cicatrices, radium tlicrapy of, 765 
Cigarette drain, 13 

Circular plaster dressings for fractures, 710 
application of, 710, 711 
Circulation, operations to restore and re¬ 
establish, in arteries, 259. See 
also under Arteries, 
in veins, 286. See also under Veins. 
Circumflex artery, deep, ligation of, in con¬ 
tinuity, 439 
anatomy of, 439 
operation in, 439 

Clamps, artery, use of, in operative technic, 
35 

Clavicle, fracture of, Collins’ dressing for, 
758-760 

Sayre dressing for, 758 
Cleft palate, 4.56 

general considerations of, 456 
treatment of, 467 


Cleft palate, treatment of, operations in, 468 
after-treatment in, 490 
age at which to operate in, 467 
anesthesia in, 469 
Berry and Legg’s method of, 470 
Brophy’s method of, for patients 
whoso bones are well ossified and 
deciduous teeth well erupted, 
478 

Brophy’s osteoplastic method of, for 
infants, 482 

choice of method in, 469 
Davies-Colley method of, 481 
Lane’s methods of, 485 

for broad cleft involving almost en¬ 
tire p.alate, 487 

for extreme width of cleft, 489 
Langenbeck’s method of, as modified 
by Helbing, 475 
position of p.atieut in, 468 
results of, 491 
late, 492 

Roberts’ method of, 490 
varieties of, 459 

combined with bony labioflssure, 4.59 
not complicated by labiofissure, 459 
with displacement of premaxillary bones, 

. 459 
Clover crutch, 44 

Club-foot, plaster-of-Paris dressing for, 751 
Oocain, h.'ibitual use of, 170 
cure of, 171 
symptoms of, 170, 171 
in local anesthesia, 49 

for mucous membranes, 51 
preparation of solution of, 49, 50 
Coenen’s suture method of treatment of 
varicose veins, 324 

Cold, exposure to, treatment of patient fol¬ 
lowing, 702 
Colie’s fracture, 724 

mouhled piaster splints for, 724, 725 
reduction of, 724 

Collins’ dressing for fracture of clavicle, 
7.58-760 

Colon bacillus infections, vaccine therapy of, 
206 

Complement in side-chain theory, 199 
Complement-fixation tests, 221-223 
Compression in treatment of aneurysm, 364 
digital, 364 
direct, 364 
elastic, 364 
postural, 364 

temporary, _ of aorta, in treatment of 
aneurysm of abdominal aorta, 
383 

by instruments through laparotomy 
wound, 383 
by metal bands, 384 
by tourniquet, 383 
Connell anesthetometer, 131-134 

apparatus for nitrous oxid, oxygen, ether 
mixtures, for anesthesia, 117, 
118 

aspirating bottle, 229 

method of administration of gases in nit¬ 
rous oxid-oxygen anesthesia, 121 
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Connell, nasopharjiigeal tube for pharyngeal 
inau^tion in ether anesthesia, 
95 

pharyngeal breathing tube, 136 
Contusions, 682 • 

treatment of, 682 

Contusions and lacerations, treatment of, 685 
Cooley and Vaughan’s method of indirect 
blood transfusion, 312 
Coronoid process, fracture of, 721 
moulded plaster splints for, 722 
Coryza and operation, 189 
Cotton for dressing of wounds, 10 
Cranial nerves, disturbances of, 564 
eighth, operative treatment for, 600 
eleventh, operative treatment of, 601 
anatomical consiilerations in, 601 
indications for, 601 
technic of, 602 
fifth (trigeminal), 564 

alcohol injections into nerve trunks in 
treatment of, 56!) 
advantages of, 569 
anesthesia in, 570 
contra-indications for, 570 
disadvantages of, 569 
instruments for, 570 
results of, 574 
solution for, 570 
tcehiiic of o[)eration for, 570 
general considerations of, 570 
on inferior maxillary nerve, 573 
on superior maxillary nerve, 572 
anatomical consiilerations of, 561 
inferior maxillary division, 56.5 
ophtliabnic division, 565 
superior m.axillary division, 565 
indications for treatment of, 565 
intracranial ojieration on (J.asserian 
ganglion for, 574 
advantages of, 5S2 
. anatomical considerations of, 575 
indications for, 57.5 
results of, 583 
technic of, 576 

posterior root section by infratem¬ 
poral route in (Cushing 
method), 580 

sensory root division by antriculo- 
teinporal route in (Hpillcr- 
Fr.azicr method), 578 
care of eyes in, 579 
medical treatment of, 565 
peripheral operation for, .566 
on inferior branch, 568 
on superior maxillary branch, 567 
on supra-orbital branch, 560 
results of, 569 

resection of nerve trunks at their exit 
from base of skull in treatment 
of, 569 

seventh, operative treatment in, 583 
anatomical considerations in, 583 
for facial paralysis, 586 

anastomosis of peripheral portion of 
facial nervo with a neighboring 
motor nerve, 586 
choice of motor nerve in, 587 
61 


Cranial nofvea, seventh, omrativc treatment 
in, fur facial paralysis, anas¬ 
tomosis of peripheral portion 
of facial nerve with a neighbor¬ 
ing motor nerve, lesions causing, 
586 

methods of, 587 
postoperative exercises in, 595 
technic of, 587 

in fncio-hypoglossal anastomosis, 
588 

(1) incision, 588 

(2) isolation and section of fa¬ 
cial nerve, 588 

(3) exposure of hypogloksal 
nerve, 590 

(4) implantation, .591 

(5) eloHure of wound, .591 

(6) postoperative eourse, 592 

(7) results, .592-.59.5 

in facio-spiiml aeeessory anastomo¬ 
sis, 595 

time of operation in, 586 
for facial spasm, 581 
alcohol injociion in, 585 
section of facial iierv(> and anastomo¬ 
sis witli a motor nerve in, 58.5 
for neuralgia of sensory portion, .597 
by division of motor seventli, p.ars in- 
termedi.a and ciglith,*.597 
resvilts of, .599 
teclinic of, 597 
iiidic.-itioiiH for, .583 
teiitli, o|ier!itive treatment of, 600 
Crile’s metliod of anastomosis in direct blood 
transfusion with canuiil.'i, .303 
(Iripps-Avcliiig nictliod of blood transfusion, 
310 

Croft’s graiiiilatioii method in plastic sur¬ 
gery, 453 

<!rossiiig, nerve, 510 

“Ciiniiinghani bridge” atbiehment on oper¬ 
ating table, 42, 44 

Curtis and D.avid’s metliod of blood trans¬ 
fusion with pjiraOln-coatcd re¬ 
ceptacles, 342 

of indirect blood transfusion, 310 
Cupric sulphate in treatment of actinomyco¬ 
sis, 690 

Curvature of spine, l.-iteral, pl.-ister-of-Paris 
Jacket for, 742 

Cusliing metliod of posterior root section of 
(lasBorian ganglion liy infra¬ 
temporal route, for disturbances 
of fifth cranial (trigeminal) 
nerve, 580 

Cutaneous eiiitheliomata, radium therapy of, 
766 

indurated, 766 
superficial, 766 

Davies-Colley method of operation for cleft 
palate, 481 

Defibrinatcd blood, use of, in blood trans¬ 
fusion, 341 

Dclbct’s suture method of treatment of vari¬ 
cose veins, 324 

Delirium tremens in erysipelas, 160 
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Denjs' blood transfusion operation, 337, 338 
Venya' bouillon filtrate (B. P.), 216 
Dermatitis, X-raj, treatment of, 701 
Dermatomyositis, 619 
Desiccation, electric, of vascular nevi, 329' 
Deviation of complement, 221-223 
Diabetes mellitus, a contra-indication to op¬ 
erations, 174 
diet in, 175 
prognosis of, 180 
surgical complications of, 174 

diabetic gangrene in, amputation for, 
180-182 

Diabetic gangrene, amputation for, 180-182 
Dieffenbach’a method of correction of defects 
of upper lip, 503, 504 
of operation for ectropion of lower eyelid, 
517 

of plastic restoration of lowA eyelid, 
019 

of restoration of lower lip in operation for 
epithelioma, Jaesche’s modifica¬ 
tion of, 502 

Diffuse syphilitic myositis, 621 
Digestive organs, preparation of, preceding 
operation, 145 

Digital pressure to check bleeding in arteries, 
256 

in veinsa 286 

Diphtheria, antitoxin in, 207 
dosage in, 207 

protective immunization with, 207 
surgical complications of, 156 
wound, treatment of, 695 
Diphtheria antitoxin, in treatment of wound 
diphtheria, 695 

Diphtheria carriers, vaccine treatment of, 207 
Dislocations at wrist, 757 
of carpal bones, 758 

in modiocarpal joint, 758 
of semilunar bone, 758 ■ 
of carpometacarpal joints, 758 
of lower radio-ulnar joint, 757 
backward, 757 
forward, 757 
of radiocarpal joint, 757 
backward, 757 
forward, 757 
of ankle joint, 757 
backward, 757 
forward, 757 
of elbow, 75^ 
reduction of, 754 

after-treatment of, 754 
of hip, 755 

dorsal or posterior, reduction of, by 
Allis’ method, 756 
by Bigelow’s method, 756 
by Stimson’s method, 755 
inward or anterior, reduction of, by Allis’ 
direct method, 756 
by Allis’ indirect method, 756 
by Bigelow’s method, 756, 757 
of knee joint, 757 , 

reduction and immobilization of, 757 
of lower jaw, 752 
reduction of, 752 
after-care in, 752, 753 


I Dislocations of shoulder, 753 

reduction of, by manipulation (Kocher’s 
method), 753 

by traction (Stimsdn’s method), 753, 
754 • 

treatment following, 754 
of tendons, 623 
of thumb, 755 
reduction of, 755 
Dissecting forceps, 36 

Dobrowolskaja’s technic of end-to-end arterial 
aniistomosis, 271, 272 

Dorrance mattress suture, fur arteries, 261, 
262 

method of end-to-end suture of arteries, 
266 

Dorsalis pedis artery, ligation of, in conti¬ 
nuity, 447 
anatomy of, 447 
operation in, 448 

Dowd’s method of restoration of lower lip 
in operation fol' epithelioma, 
501 

Drainage, employment of, in operations, 34 
in aseptic surgical technic, 13 
cigarette drain for, 13 
glass tubes for, 13 
rubber tissue drains for, 14 
rubber tubes for, 13 

Dressing stations for wounded on battlefield, 
660 

Dressings, application of, in operations, 34 
in aseptic surgical technic, 8 
adhesive plasters for, 12 
moleskin, 12 
zinc oxid, 12 
bandages for, 11 
mull, 11 

plaster-of-Paris, 11 
silicate of soda, 12 
cotton, 10 
gauze, 9 
impregnated, 10 
sponges for, 10 

plaster - of - Paris. See Plaster - of - Paris 
dressings. 

Drugs in preparation of patient for opera¬ 
tion, 145 

in tfeatment of wounds in blood infections, 
692 

Dry heat treatment of patient in burns of 
third degree, 699 
Dupuytren’s contracture, 644 
etiology of, 644 
treatment of, 645 
palliative operations in, 645 
Adams’, 645 
Dupuytren’s, 645 
multiple transverse division, 645 
radical operations, 645 
Lexer’s, 646 
longitudinal, 645 
Lotheissen’s, 646 
V-shaped incision in, 646 
Dysentery, serum therapy of, 207 
against Floxner-Harris type, 208 
against Shiga type, 207, 208 
vaccine therapy of, 207 
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Ear, injury to tympanic membrane of, in 
naval warfare, 680 
prevention of, ,680 
plastic operations of, 504 
for malformations of auricle, 505 
abnormal onlargenimt of ear, 505 
abitormally small ears, 505 
for malformations of lobule, 504 
for malposition of auricle, 506 
Kolle’s method in, 506, 507 
sterilization of, in preparation for opera¬ 
tions, 150 

Eck fistula operation, 290 
Ectropion, plastic operation for treatment 
of, 517 

Edema, Handley’s operation for establishing 
artificial channels for lymph 
drainage in, 330 
in ascites, 332 
in face, 332 

in lower extremities, 332 
in upper extremities, 331 
pulmonary, in anestliesia, 137 
Ehrlich, side-chain tlieory of. See Side-chain 
theory of immunity. 

Elbow, dislocation of, 754 
reduction of, 754 
after-treatment of, 754 
Electric shock, treatment of, 701 
Electricity, burns due to, 701 
Elliott’s device for prevention of rupture of 
tympanic membrane during 
naval warfare, 680 

Elsberg’s cannula an<l technic in direct blood 
transfusion, 305 

Embolic infection of veins, operations to pre¬ 
vent, 326 

Embolus in arteries, arterial section for, 
283 

arteriovenous anastomosis for removal of, 
275. See also under Arteries. 
Emphysema, and operations, 189 
Emphysematous cellulitis, treatment of, 
690 

Empyema, a surgical complication of lobar 
pneumonia, 164 

Endarteritis, arteriovenous anastomosis for 
removal of obstruction in, 275. 
Sec also under Arteries. 
Endo-ancurysmorrhaphy operations, 370 
in aneurysm of external iliac tract, 391 
Endocarditis, a contra-indication to opera¬ 
tion, 190 

Endotoxins, action of, 199 
Enemata, stimulating, for shock, 677 
Enteroptosis, operation contra-indicated in, 
188 

Epigastric artery, deep, ligation of, in con¬ 
tinuity, 439 
anatomy of, 439 
operation in, 439 

Epididymitis, vaccine therapy of, 210 
Epinepbrin as adjuvant in local anesthesia, 
51 

Epitheliomata, cutaneous, radium therapy of, 
766 

indurated, 766 
superficial, 766 


Epitheliomata of lower lip, operations for, 
495. See also under Lip, lower, 
radium therapy of, 767 
of mucous membrane, radium therapy for, 
766 

Epulis, radium therapy of, 769 
Erb’s paralysis, trannuitic. Sec Brachial 
])lexus lesiiins. 

Erysipelas alba, 160 

Erysipelas, complicating acute suppurativo 
intlninmation of tendon sheaths 
of hand, 612 
contagiousness of, 159 
contra-indication to operations, 158 
surgical com])lic,ationa of, 158 
absi'csses, 15.S 
delirium tremens, 161 
gangrene of skin, 160 
lympluxlenitis, 160 
pfllcbitis, 160 

pneumonia and empyema, 160 
treatment of, 690 
vaccine and st'rum tlawapy of, 208 
Esmarch bandage for limiting of hemorrhage 
in operations, application of, 30 
Esmarch-Koleralzig u])eration in |)lastic sur¬ 
gery of the cheeks, 513 
Esophagus, diseast's of, a contra-indication to 
uperntions, 188 
gunshot wouinls of, 669 
inoperable cancer of, radium therapy for, 
769 

Estlandcr’s metlaal of restoration of lower 
li[> in o{>eration for epithelioma, 
502 

Ether, as anesthetic. See Ether anesthesia, 
ilanger of ignition of, 1.34 
physical properties of, 73 
Ether anesthesia, 72 

administration of ether in, by absorption 
by serous surface, 102 
by insuntiition, apfiaratus for, 97 
accessories, 99 
air compressor, 97 
ether vaj)orizer, 98 
filter and humidor, 97 
intubating catheter, 98 
safety valve, 98 
by intratracheal insulTtation, 91 

maintenance of positive pressure in, 94 
physiology of, 91, 92 
technic of, 92-94 
by pharyngeal insufitation, 95 
maintenance of positive iircssurc in, 96 
technic of, 95 

by subcutaneous injection into muBclos, 
102 

general technic of, 85 
closed method in, 87, 88 
open method in, 85 

administration by pouring of small 
portions (open cone method), 
87 

administration by successive drops 
(drop method), 85 
apparatus for, 85 
in children, 86 
technic of, 85 
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£th«r anestbesia, administration of ether in, 
general technic of, vapor meth¬ 
ods in, 88 

negative pressure methods of vapor 
delivery, 88, 89 

positive pressure methods of vapor 
delivery, 89 
apparatus for, 89 
technic of, 90 
intravenous, 99 
physiology of, 99 
technic of, 100 
rectal, 101 

oil-ether method in, 101 
technic of, 101, 102 
theoretical consideration of, 78 
action of ether on body in, 78, 79 
details of induction of anesthesia in, 

ostablislimcnt of anesthetic tension in, 
80 

phenomena ,nid utility of zones in, 82 
zone 1: tho zone of confusion, 82 
zone 2: tho light subconscious zone, 
82 

zone 3: the subconscious zone, 83 
zone 4: the zone of light surgical 
anesthesia, 83 

zone 5: the zone of full anesthesia, 

83 

zone 0: tho zone of deep anesthesia, 

84 

zone 7: the zone of profound anes¬ 
thesia, 84 

zone 8: tho slowly lethal zone, 84 
zone 9: tho rapidly lethal zone, 84 
stago of recovery in, 81 
agents used as adjuncts of ether in, 102 
alkaloidal narcotics, 102 
atropin, 103 
dosage of, 1Q3 
morphin, 102 
dosage of, 103 
scopolamin, 102 

use of, following anesthesia, 103 
chloroform, 104 
technic of, 105 
ethyl chlorid, 105 
nitrous oxid, 103 
technic of, 103, 104 
nitrous oxid-oxygen, 104 
as adjuvant in nitrous oxid anesthesia, 123 
technic of, 124 

clinical course of, first stage or stage of 
conscious excitement in, 75 
second stage or stage of involuntary 
excitement in, 75 

third stage or stago of surgical anes¬ 
thesia in, 76 

fourth stage or stage of overdosage in, 
77 

fifth stago or stage of recovery in, 78 
excretion of ether in, 75 
physiological action of ether in, 73 
local anesthetic, 73 
on body function, 74 
on blood pressure, 74 
on heart action, 74 


Ether anesthesia, physiological action of 
ether in, on body function, on 
respiration, 74 
on sensorium, 74, 75 
on fatty tissues, 75 

on skin, mucous and sorous surfaces, 73 
Ethyl chlorid anesthesia, 48, 49, 125 
administration of ethyl chlorid in, technic 
of, 126 

closed method of, 126 
sonii-open method of, 126 
as adjunct in ether anesthesia, 105 
period of recovery in, 126 
physiological action of, 125 
, on respiration, 125 
on sensorium, 125 
zones in, 126 

Ethyl chlorid group of drugs, 127 
Eucain in local anesthesia, 51 
Excision method of treatment for varicose 
veins, 320 
of nevi, 328 

Exhaustion theory of immunity, 197 
Exophthalmic goiter, a contra-indication to 
operation, 192 
radium therapy for, 770 
serum therapy of, 208 
Eye, gunshot wounds of, 668 
sterilization of, in preparation for opera¬ 
tions, 150 

Eyelids, plastic surgery of, 517 
in ectropion, 517 
of lower li<l, 517 
in restoration of eyelid, 518 

free graft irn])lantation or Wolf 
method in, 520 
gliding flap method in, 518 
Dielfcnbach’s, 519 
Gibson’s, 519 
Ilasner’s, 519 

pedunculated flap method in, 520 

Eace, edema of, Handley’s operation for es¬ 
tablishing artificial channels for 
lymph drainage in, 332 
gunshot wounds of, due to rifle bullet, 668 
Facial paralysis, disfigurements due to, cor¬ 
rection of, by plastic operation, 
514 

lesions causing, 586 
operative treiitment for, 586 
anastomosis of peripheral portion of fa¬ 
cial nerve witii a neighboring 
motor nerve, 586 
choice of motor nerve in, 587 
methods of, 587 
technic of, 587 

in facio-hypoglossal anastomosis, 
587 

(1) incision, 588 

(2) isolation and section of facial 
nerve, 588 

(3) exposure of hypoglossal nerve, 
590 

(4) implantation, 591 

(5) .closure of wound, 591 

(6) postoperative course, 592 

(7) results, 592 
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Facial piiraljsis, operative treatment for, by 
facio-spinal accessory anastomo¬ 
sis, 595 

posto]ierativc exorcises in, 595 
tjme of operation in, 586 
Facial spasm, operative treatment of, 584 
alcohol injection into trunk of seventh 
cranial nerve in, 585 
section of facial nerve and nnastoinosis 
with a motor nerve in, 585 
Faradaic current in nerve injOry, 543 
Farcy. See Glanders. 

Fascia;, 643 

Dupuytren's contracture of, 644 
etiology of, 644 
treatment of, 645 
palliative operations in, 645 
Adams’, 6t5 
Diijniytren’s, 6).') 
multiple transver.so ilivisioii, 645 
radical of)eriitioi]s in, 615 
JjCxer’s, 64 () 

longitudinal incision in, 615 
Lotheissen’s, 610 
V-sliaped incision in, 016 
transplanting of skin grafts in, 015 
injuries to. Oil 
rupture of, 644 
Fat, suturing of, 33 

Fauntleroy 'h inoilificntioii of Hrewi-r's tiilies 
in direct blood transfusion, 3ili) 
Felt dressings, 10 

Femoral artery, aneurysm of, operative 
treatment of, 393 
ligation of, in continuity, 439 
anatomy of, 439 
operation in, 410 

in common femoral, 440 
in superficial femoral at apex of 
Scarpa’s triangle, 410 
in suiierlieial femoral in Hunter’s c.v 
nal. 111 

Femur, fractures of neck of, 726 

treatment of, by extension and coun¬ 
ter extension (llodgen’s splint), 
720 

application of splint in, 726 
preparation of splint in, 725 
by reduction and retention (Whit¬ 
man’s method), 729 
in cases with imp,action, 729 
in cast’s without compaction, 729- 
731 

of lower end of, 733 

epiphyseal, plaster of Paris dressing 
for, 734 

intcrcondyloid, plaster-of-Paris dress¬ 
ing for, 733 

of cither condyle, plaster-of-Paris 
dressing for, 733 
of shaft of, 731 

Buck’s extension with Volkmann slid¬ 
ing rest for, 731, 732 
in young children, 733 
plaster spica in, 733 
long plaster spica for, 731 
reduction of, 731 
subtrochanteric, 731 


Femur, fractures of, siiprncondyloid, 733 
long plaster spica for, 733 
inoperable sarcoma of, radium therapy for, 
769 

Fenestrated plaster dressings for fractures, 
711 

Ferments, defensive, in body, 225 
diagnostic value of, 227 
experimental observations in, 227 
in iiregnancy, 220, 227 
methoils of determining presence of, 227 
dialysation method, 227 
optical method, 228 
origin of, 227 

Fibromata, of muscles, 503, 622 
railium therapy of, 701 
in iulerstitial variety, 701 
Fibula, fractures of, plaster of-Paris dress- 
• iiigs for, 740 
Fibula and tibia, fractures of, 730 
jdaster of Paris dressing.s in case of, with 
dilliculty in retaining of frag¬ 
ments in position, 737 
with swelling and displaceimuit, 736 
without dis[daeement, 730 
Fiehl hospitals for wounded on battlefield, 
001 

Finger, trigger, 028 

Fingers, iiililtratioii anesthesia for operations 
on, (iO 

fieriiK’iiral infiltration anesthesia of, 0.3, 
01 

First-aid jiacket for soldiers on battlefield, 
0.59, 073 

First aid to wounded on battlefield, 0.59 
Fixation of complement, 221 223 
Flajis, gliding, in plastic surgery, 452 
with rotation, 453 

method for restoration of eyelid, 518 
pedunculated, in jdastic surgery, 153 
Flat-foot, plaster-of-Paris dressing for, 
752 

Flevner-llarris bacillus. Sir tiiidrr Dysen¬ 

tery. 

Flexiier-.lobliiig serum for cerebrospinal 

uieiiingitis, 211 

Flies, bites of, treatment of wounds duo to, 
080 

Foerster’s operation for relief of spasticity 
III muscles, 530 
dangers and dilliciilties of, 533 
iivlieations for, 533 
results of, 532 
technic of, 531 

Folli, Francesco, original transfusion appa¬ 
ratus of, 337 
Foot, anesthetization of, 64 
fracture of bones of, plaster-of-Paris*dress¬ 
ings for, 741 

Forcejis, use of, in operativo technic, 36 
Forcipressure to check bleeding in arteries, 
■257 

in veins, 286 

Fractional sterilization in operativo technic, 
3 

Fractures, Colic’s, 724 

moulded plaster splints for, 724, 725 
reduction of, 724 
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Fractures of bones due to gunshot wounds, 

664 

infected, 664 

of bones of foot, plaster-of-Paris dressings 
for, 741 

of bones of hand, 725 
circular plaster dressing for, 725, 726 
of clavicle, Collins’ dressing for, 758-760 
Sayre dressing for, 758 
of eoronoid process, 721 
moulded splints for, 722 
of femur, of lower end, 733 

epiphyseal, plaster-of-Paris dressing 
for, 734 

intercondyloid, plaster-of-Paris dress¬ 
ing for, 733 

of either condyle, plaster-of-Paris 
dressing for, 733 
of neck, 726 * 

treatment of, by extension and counter 
extension (Hodgen’s splint), 
726 , 

application of splint in, 726 
preparation of splint in, 725 
by reduction and retention (Whit¬ 
man’s method), 729 
in c.ases with impaction, 729 
in cases without impaction, 729- 
731 

of shaft, 731 

Buck’s extension with Volkmann slid¬ 
ing rest for, 731, 732 
in young children, 733 
plaster spicn in, 733 
long plaster spica for, 731 
reduction of, 731 
subtrochanteric, 731 
supracondyloid, 733 

long plaster spica for, 733 
of fibula alone, plaster-of-Paris dressings 
for, 740 

of humerus, of epiphysis of upper end, 714 
plaster-of-Paris dressing for, 715 
reduction of, 714 
of lower end, 717 
epiphyseal, 720 
of external condyle, 720 
of internal condyle, 719 
moulded splints in, 719 
of internal epicondyle, 719 
supracondyloid, 718 

plaster-of-l’aris dressing in, 718 
plaster-of-Paris splints in, 718, 719 
'T- or Y-sliaped, 720 
moulded splints in, 720 
of shaft, 716 

plaster-of-Paris dressing for, 716, 717 
reduction of, 716 
of surgical neck, 715 

plaster-of-Paris dressing for, 715, 716 
reduction of, 715 

of long bones, infiltration anesthesia for 
reduction of, 60 
of olecranon process, 720 

moulded plaster splint for, 721 
reduction of, 720 
of patella, 734 

plaster-of-Paris dressing for, 734-736 


Fractures ox rauius, of head and neck, 722 
moulded splint for, 722 
of shaft, 723 

moulded plaster splints for, 724 
reduction of, 723, 724 
of radius and ulna, 722 * 

moulded plaster splints for, 723 
reduction of, 722 

of tibia alone, plaster-of-Paris dressings 
for, 736 

of tibia and fibula, 736 
plaster-of-Paris dressings in cases of, 
with difficulty in retaining of 
fragments in position, 737 
with swelling and displacement, 736 
without displacement, 736 
of ulna, of shaft, 723 

moulded plaster splint for, 723 
reduction of, 723 

of vertebras, plaster-of-Paris jacket for, 
742, 749 

plaster dressings for, circular, 710 
application of, 710, 711 
fenestrated, 711 
interrupted, 712 
moulded, 709 

application of, 710 
preparation of, 709 
spica for hip in, 712 
application of, 712, 713 
Pott’s, plaster-of-Paris dressing for, 740 
Free fascial transplants in treatment of 
aneurysm of abdominal aorta, 
383 

Free graft implantation method for restora¬ 
tion of eyelid, 520 

Free grafts, transplantation of, in plastic 
surgery, 454 

Freezing in treatment of aneurysm, 363 
in treatment of nevi, 328 
of tissues, treatment of, 702 
Freund’s method of blood transfusion, 340 
Frost bites, treatment of, 702 
Furunculosis, chronic, vaccine therapy of, 
205 

Gabets, Eobert des, transfusion apparatus of, 
337 

Gall-bladder and ducts, aspiration in, during 
operation, 238 
Gamma rays of radium, 762 
Ganglion in tendons, 629 
clinical nature of, 629 
treatment of, 629 
non-operative, 629 
operative, 630 

Gangrene, complicating acute suppurative in¬ 
flammation of tendon sheaths of 
hand, 642 

diabetic, amputation for, 180-182, 
of skin, complicating erysipelas, W 
typhoid, 153, 154 
Gas, illuminating, poisoning, 702 
Gaseous cellulitis, treatment of, 690 
Gatch interrupted flow or rebreathing methoil 
of administration of gases in 
nitrous oxid-oxygen anesthesia, 
120 
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Gauze for dressing of wounds, 9 
impregnated, 10 

Gauze packing to check bleeding in capil¬ 
laries, 328 
in veins, 286 

Gelatin to check bleeding in capillaries, 327 
Genito-urinary tract, aspiration in, during 
operation, 238 

preparation of, preceding operation, 145 
Gersuny's modification of Kraske’s operation 
in plastic surgery of the cheeks, 

512 

Gibson's pregrafted flap method for restora¬ 
tion of lower eyelid, 518 
Glanders, diagnosis of, 208 
treatment of, 696 
vaccine and serum therapy in, 208 
Glass tubes for drainage of wounds, 13 
Glottis, edema of, conij)lieating mumps, 157 
obstruction of, to respiration in anesthesia, 
136 

Gluteal artery, aneurysm of. Sec wider 
Aneurysm of internal branches 
of iliac artery. 

ligation of, in continuity, 435 
anatomy of, 435 
operation in, 436 
Goiter. See Thyroid, diseases of. 

Goldthwait’s frame for application of plas- 
tcr-of-Paris jacket with patient 
in dorsal position, 745, 746 
Gonococcus infections, comj)lement-fixation 
diagnostic test in, 208, 209 
vaccine and serum therapy in, 212 
Gonorrhea, serum thorapy of, 210 
vaccine therapy of, 209 
Gonorrheal tenosynovitis of hand, 640 
treatment of, 640 

Gout, a contra-indication to operations, 184 
Gouty tophus, removal of, 184 
Grafting, skin. Sec Skin grafting, 
in plastic surgery, 456 

Grafts, free, implantation of, for restoration 
of eyelid, 520 

transplantation of, in plastic surgery, 454 
Granulation method in plastic surgery, 453 
Graves’ disease. See Exophthalmic goiter. 
Grenades, h,and, in land warfare, 672 
wounds produced by, 651, 672, 673 
treatment of, 673 

Groin, inoperable cancer of, radium therapy 
for, 769 

Gussenbauer’s operation for cicatricial max¬ 
illary occlusion by autoplasty, 

513 

Guthrie, method of, in end-to-end arterial 
anastomosis, 270 

in side-to-side arteriovenous anastomosis, 
278 

on general restoration in end-to-end arterial 
•f anastomosis, 273 
Gunshot wounds, 647 
general treatment of, 655 
received in civil life, 648 
abdominal, operation for, 650 
technic of, 657 

experiments with various automatic 
weapons in, 649 


Gunshot wounds received in land warfare, 
651, 658 

abdominal, treatment of, 656, 658 
operative, 656 

due to artillery projectiles, 671 
classification of projectiles in, 671 
nature of, 673 
treatment of, 673 
due to hand grenades, 673 
treatment of, 673 
duo to rifle bullets, 661 

lodged in or near juints, 666 
of abdominal viscera, 670 
conservative treatment in, 670 
operative treatment in, 670 
of Idood-vesst'ls, 663 

recurrent bleeding in, 663 
seconilnry hemurrhngo in, 663 
spuiitiineoiis stepping of hemorrhage 
in, 663 

treatment of, 663 
of bones, 662 
fractures in, 664 
infectetl, 664 
of esophagus, 669 
of extremities, 671 
of eye, 66.8 
of face, 668 
of head, 666 

infected and complicated, 668 
non-penetrating, 666, 667 
penetrating, 667 
removal of bullet in, 667 
of jaw, 668 
of joints, 665 
infected, 665 
ankle, 665 
hip-joint, 66.5, 666 
knee, 665 

upper extremity, 666 
of liver, 670 
of neck, 669 
of nerves, 662 
treatment of, 662 
of organs, 662 
of soft tissues, 662 
of spine, 670 
of spleen, 670 
of tendons, 662 
treatment of, 662 
of testes, 671 
of thorax, 669 
of trachea and larynx, 669 
of urethra, 671 
of urinary blaildcr, 670 
due to shells, 673 
treatment of, 673 
duo to shrapnel, 673 
treatment of, 673 
first-aid packet for, 659 
from new pointed rifle bullet, 653 
in llniknn war, 654 

Riedinger’s experiments with, 652-654 
iodin in dressing of, 655, 659 
laparotomy in, mortality from, 656 
methods of giving aid to wounded on 
battlefield in, 659 
ambulance stations, 661 
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Gunshot wounds received in land warfare, 
methods of giving aid to wound¬ 
ed on battlefield in, dressing 
stations, 660 
field hospitals, 661 
regimental aid, 659 
occlusive dressing in, 656 
oxid of zinc plaster for holding dress¬ 
ings in, 660 

probing for bullet in, 655 
X-ray for locating bullet in, 655 
received in naval warfare, 674 
amputations in, 677 
treatment of, 677 
shock in, 677, 678 
nature of, 676, 679 
treatment of, in engagement, 675, 678 
conditions liampering, 674 
following engagement, 679 , 

transportation of wounded following, 679 

Owathmey method of merging nitrous oxid 
with ether anesthesia, 104 

Jlacker’s operation in plastic surgery of 
cheeks, 509 

llagedorn’s method of i)aring an<l witure in 
correction of harelip, 460 
double, 466 
modification of, 466 

Hahn’s operation in plastic surgery of 
cheeks, 509 

Ilalsted’s aluminum bands for treatment of 
aneurysm of .abdominal aorta, 
384 

of common carotid, 386 
of external iliac tract, 391 

Hand, anatomy of, 634 
fracture of bones of, 725 
circular phister dressing for, 725, 726 
perineural infiltration anesthesia of, 64 
preparation of, in surgical technic, 16 
suppurative diseases of, 637 
tendon sheaths of, acute suppurative in¬ 
flammation of, 641 
complications of, 642 
operative treatment of, anesthetic in, 
643 

incisions in, 642 

site of original inoculation in, 641 
stages of, treatment of, 641 
diseases of, 639 

gonococcal inflammation of, 640 
treatment of, 640 
inflammation of, acute, 639 
treatment of, 639 
chronic, 639 
plastic type of, 639 
• treatment of, 639 
suppurative diseases of, 637 
syphilis of, 640 
tuberculosis of, 640 
operative treatment of, 641 

Hand bowl stand, 43 

Handley’s operation for establishing arti¬ 
ficial channels for lymph drain¬ 
age, 330 
in ascites, 332 
in edema of face, 332 


Handley’s operation for establishing arti¬ 
ficial channels for lymph drain¬ 
age in edema of lower extrem¬ 
ities, 332 

of upper extremities, 331 
indications for, 330 
Harelip, 456 

general considerations of, 456 
treatment of, 460 
age at which to operate in, 460 
operations in, 460 
after-treatment in, 464 
anesthetic in, 461 
complications of, 465 
for complicated harelip with protrud¬ 
ing premaxillary process, 464 
by excision of wedge from nasal 
septum, 464 
by simple fracture, 464 
for double harelip, 464 
for simple unilateral harelip, 461 
for single complete harelip, 463 
instruments in, 461 
position of patient in, 461 
results of, 467 
varieties of, 457 
bilateral, complicated, 458 
simple, 458 
median, 457 
unilateral, simple, 457 
with fissure of bony parts, 458 
Hasner’s method for plastic restoration of 
lower eyelid, 519 

Hayden Derby ejectors for aspiration, 230 
Head, as])iration in, during operations, 236 
postoperative use of, 240 
bullet wounds of, 666 
non-penetrating, 666, 667 
penetrating, 667 
infected and complicated, 668 
removal of bullet in, 667 
infiltration uncsthesi.a for operations on, 55 
Heart, chronic valvular disease of, and op¬ 
eration, 190 

congenital affections of, and operations, 

191 

dilatation of, a contra-indication to opera¬ 
tion, 191 

diseases of, contra-indicating operation, 
190 

hypertrophy of, a contra-indication to op¬ 
eration, 191 

neuroses of, .and operation, 191 
wounds of, and operation, 191 
Heat, for sterilization, 3 
Hclbing’s modification of Langenbeck’s 
method of uranoplasty, 475 
Hemophilia, a contra-indication to operation, 

192 

Hemorrhoids, infiltration anesthesia for, 59, 
60 

Hemostasis in operative technic, 28 

blood transfusion for loss of blood in, 30 
bone bleeding in, 29 
chemicals in, 29 

compression of artery through intramuscu¬ 
lar incision in, 31 

Esmarch bandage in, application of, 30 
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Hemostasis in operative technic, ligating of 
blood-vessels in, 29 

ligating of blood-vessels of pedicles in, 29 
normal salt solution injections for loss of 
blood in, 30 

sequestration anemia in, 30 
speed in, 30 

Hernia, operation for, in obesity, 182 
Hernia cerebri, in bullet wounds of the head, 
668 

Hernia of muscles, operative treatment of, 
613 

Hesse and Schaak’s suture method of treat¬ 
ment of varicose veins, 324 
Hewitt’s method of blood transfusion, 339 
Hip, bursae about, diseases of, (533 
congenital dislocation of, plaster-of-l’aris 
spica for, 719 
application of, 719 
in bilateral cases, 750 
in unilateral cases, 750 
dislocation of, 755 

dorsal or posterior, reduction of, by 
Allis’ method, 75(i 
by Bigelow’s method, 756 
by Stimson’s method, 755 
inward or anterior, redactir)n of, by 

Allis’ ilircct nictliod, 750 
by Allis’ indirect method, 750 
by Bigelow’s method, 750, 757 
plaster-of-l’aris spica for, 712 
application of, 712, 713 
Hip joint, infected wounds of, treatment of, 
• 665, 066 

Hirudin, use of, as an anticoagulant for 

transfusion apimratus, 303. Sea 

alio Satterlee iind Hooker’s 
methods of indirect Idooil trans¬ 
fusion with use of parallin and 
hirudin. 

Hodgen’s splint in treatment of fractures of 
neck of femur, 726 
application of, 720 
preparation of, 725 

Hodgkin’s disease, operations and, 191 
radium therapy of, 770 
vaccine therapy of, 210 
Hoepfner’s modification of Payr’s invagina¬ 
tion method of end-to-en(l ar¬ 
terial anastomosis, 204, 272, 273 
Holocain in local anesthesia, 51 
Hornets, stings of, treatment of wounds duo 
to, 686 

Horsley’s technic of end-to-end arterial anas¬ 
tomosis, 271 

tension suture holder, 271 
Hot air in sterilization, 3 
Hot water to check bleeding in capillaries, 327 
Hotchkiss’s operation in plastic surgery of 
checks, 511 

“Housemaid’s knee,’’ 631 
Humerus, fracture of epiphysis of upper end 
of, 714 

plaster-of-Paris dressing for, 715 
reduction in, 714 
fracture of lower end of, 717 
epiphyseal, 720 
of external condyle, 720 


Humerus, fracture of lower end of, of inter* 
iial condyle, 719 
moulded splints in, 719 
of internal opicondyle, 719 
BUpracondyloid, 718 
plaster-of-Paris dressing in, 718 
plaster-of-Paris splints in, 718, 719 
T- or Y-shaped, 720 
moulded splints in, 720 
fracture of shaft of, 716 
plaster-of-Paris dressing for, 716, 717 
reduction of, 716 
fracture of surgical neck of, 716 
j)laster-of-Paris dressing for, 715, 716 
reduction of, 715 
lliimoral theory of immunity, 197 
Hydatid disease of muscles, 620 
ilyilrocarlion iirothesis, in treatment of facial 
deformities, 515 
])reparatinn of parallin in, 515 
syringes in, 515 
technic of operation in, 516 
treatment following operation in, 510 
Hydrogen peroxid to chuck ldee<ling in capil¬ 
laries, 327 

Hydrophobia, treatment of wounds cau 80 <l by 
animals having, 688. See also 
Babies. 

Hygroma, 031 
treatment of, 631 

Hyperemia, production of, by continuous as¬ 
piration, 240 

Hy]>erpla8in, Weigert’s theory of, 197 
Hypodermic syringes, 14 
Hypoilcrmoclysis for shock, 677 

Iliac arteries, aneurysm of external tract of, 
ojMtrative treatment of, 391 
aneurysm of internal branches of, operative 
treatment of, 392 
extirpation in, 392, 393 
common, lig.-ition of, in continuity, 431 
anatomy of, 431 
operation in, 432 
extr.'iperitoneal, 433 
tr.'insperitoneal, 432 
results of operation in, 434 
external, lig.ntion of, in continuity, 438 
amitomy of, 438 
opcr.'ition in, 438 
extrapcritonual, 438 
transpcritoncal, 438 
results of operation in, 438 
internal, ligation of, in continuity, 434 
anatomy of, 4.34 
operation in, 434 
results of operation in, 435 
Illuminating gas poisoning, 702 
Immunity, 195 
acquired, 196 
active, 196 
definition of, 190 
p,assive, 196 

bjooil transfusion in, 225 
definition of, 195 
duration of, 197 
exhaustion theory of, 197 
humoral theory of, 197 



794 


TNDEY 


Inunnaitj, natural, 195 
definition of, 195 
phagocyte theory of, 197 
aide-chain theory of Ehrlich in, 197 
theories of, 197 

time required for production of, 197 
to bacteria, 200 
bacteriolysis in, 201 
phagocytosis in, 200, 201 
to toxins, 199 

toxin injected in small quantities confer¬ 
ring, 199 

Impregnated gauze for dressings, 10 
Incision nietliod of treatment of varicose 
veins, 32:i 

Incisions in operative technic, 28 
Infection, surgical, 1 
agents of, 2 

methods of prevention and counteraction 
of, 2 

by fractional sterilization, 3 
by germiciilal agents, 3 
alcohol, 4 

bichlorid of mercury, 4 
carbolic acid, 4 
chemicals, 3 
forinaldehyd gas, 5 
iodin,' 4 
iodoform, 4 

potassium permanganate, 4 
heat, 3 
boiling, 3 
cautery, 3 
hot air, 3 
live steam, 3 

by mechanical means of sterilization, 3 
sources of, 2 

Infiltration anesthesia, 52 
apparatus for, 52 
for celiotomy, 57 
for hemorrhoids, 59, GO 
for operations about head and face, 55 
for operations in fingers, 60 

on inguinal and femoral hernia, hydro¬ 
cele of the cord, and gland of 
the groin, 58 
on knee, 59, 60 

on neck and throat, minor, 56 
on toes, 60 

for reduction of fractures of long bones, 
60 

for thoracotomy, 56 
for thyroidectomy, 56 
for tracheotomy, 56 
general technic of, 53 
into brachial plexus, 62 
intrancural, 61 
perineural, 63 
technic of, 63, 64 

preferred technic of, for special groups of 
operations, 53 

extensive oj)eration8 on acutely inflamed 
areas, 55 

major operations on non-inflamed areas, 
54 

minor operations on inflamed areas, 53 
minor operations on non-inflamed areas, 
53 


Influenza, vaccine therapy of, 210 
Infusion, intravenous, 296 
amount of fluid in, 297 
contra indications for, 298 
indications for, 297 
method of, 298 
pressure of fluid in, 297 
solutions in, 296 
temperature of fluid in, 297 
time of infusion in, 297 
Inguinal hernia, infiltration anesthesia for 
57, 58 

Injection treatment of vascular nevi, 329 
Injuries. Sec under separate parts, 
mechanical, treatment of, 703 
Innominate artery, aneurysm of, treatment 
of, 385 

complications in, 386 
distal ligation in, 386 

i wiring with electrolysis in, 386 

ligation of, in continuity, 403 
anatomy of, 403 
operation in, 404 
first method of, 404 
second method of, 404 
third method of, 404 
results of operation in, 404 

Insect bites and stings, treatment of wounds 
due to, 680 

Instruments for end-to-end arterial anastomo¬ 
sis, 203 

for operations on blood vessels, 253, 254 
in operative technic, 35 

.urti'ry clamps, 35 . 

forccj)s, 30 ■ 

knives, 35 

probes, 37 

retractors, 37 

scissors, 35 

in surgical technic, 14 
■ selection of, 14 
sterilization of, 15 

Interrupted plaster dressings for fractures, 
712 

Insufllation, pharyngeal, in artificial respira¬ 
tion, 130 

Insufllation ether anesthesia, apparatus for, 
97 

accessories, 99 
air. compressor, 97 
other vaporizer, 98 
filter and humidor, 97 
intubating catheter, 98 
safety valve, 98 

intratracheal, 91. See also under Ether 
anesthesia. 

pharyngeal, 95. See also under Ether an¬ 
esthesia. 

Insufllation nitrous oxid-oxygen anesthesia, 
121 

Intestine, diseases of, contra-indicating op¬ 
erations, 188 

Intra-abdominal aft'ections, aspiration in, 
during operation, 238 

Intratracheal insufllation method of adminis¬ 
tration in ether anesthesia, 91. 
See also under Ether anesthesia, 
in nitrous oxid-oxygen anesthesia, 121 



INDEX 


795 


IntraT6nou8 infusion. See Infusion, intrave¬ 
nous. 

Intravenous injections, 319 
technic of, 295, 296 

Intravenous saline infusion for siiock, 677 
lodin for amputations tlirough infected tis¬ 
sues, 664 

for dressing of gunshot wounds in war¬ 
fare, 655, 6!j9 

for skin sterilization in operations, 147 
dangers of, 148 
drawbacks of, 148 
modifications of, 148 
precautions in, 148 
for treatment of sliell wounds, 673 
Irrigating stand, 43 

Israel’s operation in plastic surgery of 
cheeks, 508, 509 

Itching conditions, railium therapy for, 771 

Jackets, plaster. Si v I’laster of-l’aris jackets. 
Jaesche’s modification of DielVenhach’s 
method of restoration of lower 
lip in operation for epithelioma, 
502 

Jaundice, a contra-indication to operation, 
188 

Jaw, gunshot wounds of, 068 
lower, dislocation of, 752 
reduction of, 752 
after-care in, 752, 753 

Jeger’s clamp for isolating parts of two 
blood vessels in side-to-sidc an¬ 
astomosis, 201 

holder tor I’ayr's rings for end-to-end 
anastomosis, 265 

modification of I’ayr’s magnesium cylinder 
for end-to-end anastomosis of 
deeply placed arteries, 265 
suture method of treatment of varicose 
veins, 324 

technic of end-to-end ana.stomosis in veins, 
288 

technic of end-to-end arterial anastomosis, 
270, 271 

technic of end-to-side anastomosis in veins, 
290 

technic of end to-sidc arteriovenous anasto¬ 
mosis, 277 

tension suture holder, 272 
Jochinann’s tuberculins, 216 
Joints, gunshot wounds of, inflicted, 665 
wounds caused by bullets lodged in or near, 
666 

Joseph’s method of operation for malforma¬ 
tion of the lobule of the car, 504 

Kangaroo tendon for suturing, 8 
Keen’s ligation of abdominal aorta for 
aneurysm, 383 

for resection of cervical nerves for relief 
of spasmodic torticollis, 534 
Kelly instrument table, 42, 43 
Keloids, radium therapy of, 765 
Kenyon’s method for aspiration in treatment 
of pneumothorax, 241-244 
Keratoses, senile and seborrhoic, radium 
therapy of, 764 


Kidney, diseases of, cfintra-indications to op> 
.eration, 192 

Kimpton’s method of blood transfusion with 
paraffin coated receptacles, 342 
method of indirect blood transfusion, 312 
Km>e, bursiv about, diseases of, 633 
infiltration anesthesia for operations on, 
59, 60 

Knee joint, Charcot 'a, resection in, in syphili¬ 
tic patients, 173 
dislocation of, 757 

reduction and immobilization of, 757 
infected wounds of, treatment of, 665 
Knife, use of, in operative technic, 35 
Koch's bacillen-emiilsion (II. K.), 215 
old tuberculin (O. T.), 216 
tuberculin residue (T. K.) or now tubercu¬ 
lin, 216 

Kolle’s mcthoil of operation for abnormal 
• enlargement of the auricle, 505 
for malposition of auricle, 506, 507 
Konig's method of paring and suture in cor¬ 
rection of harelip, 460 

Krasko’s operation in jdastic surgery of the 
cheeks, (iersiiny’s modification 
of, 512 

Krogiiis’s subcutaneous ligature for largo 
angiomata of scalp, 329 
Kromayer light in treatment of “port wino 
marks,’’ 3.30 

Kiitiier's solution for infusion, 2tt7 

l.amb’s wool dressings, 10 
Lambeil, Alexander, on handling of patient 
with delirium tremens, 161 
Lambert’s method of treating delirium tre¬ 
mens, 166 

Laniinie, removal of. iS'cc Laminectomy. 
Laminectomy, unilateral, 602 

advantages and limitations of, 608 
anatomical features in, 603 
indications for, 602 
instruments for, 605 
technic of, (i06 
Landmann’s tiiberculol, 217 
Lane’s methods of operation for cleft palate, 
485 

for broad cleft involving almost entire 
palate, 487 

for extreme width of cleft, 489 
V. Langenbeck 's method of uranoplasty as 
nioditieil by llelbing, 475 
pedunculated flap metliod for plastic restor¬ 
ation of eyelid, 520 

Laparotomy for gunshot wounds in civil 
practice, 656 

in warfare, mortality from, 650 
Larynx, diseases of, and anesthetic in opera¬ 
tions, 189 

gunshot wounds of, 669 
Jjcg, fractures of. Her under Fractures, 
gunshot wounds of, 671 
ischemic contracture of muscles of, 616 
causes of, 616 
results of, 616 
i treatment of, 616-618 

rupture of muscles of, operative treatment 
1 of, 613 
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Lerde's operation in plastic surgery of 
' cheeks, 509-511 

Lespinasse and Eisenstaedt’s method of end- 
to-end anastomosis of blood-ves¬ 
sels, 260, 267 

of side-to-side arteriovenous anastomosis, 
278 

Leukemia a contra-indication to operation, 
191 

Leukocytes, phagocytic properties of, in im¬ 
munity, 197 

Leukoplakia, radium therapy for, 771 
Lexer’s operation for Dupuytren’s contrac¬ 
ture, 646 

in plastic surgery of cheeks, 509, 514 
Ligation of arteries in continuity, :{99. See 
also under Arteries, 
force applied in, 400 
force necessary to rupture coats in, 401 
indications for, .S99 * 

instruments for, 399 
knot in, 400 

ligature material for, 399 
opening of sheath of vessel and passing 
aneurysm needle in, 402 
recognition of artery in, 401 
results of, 401 

Ligation in treatment of "aneurysm, 365. See 
also under Aneurysm, 
of abdominal aorta, 383 
of common carotid, distal, 386 
double, 386 
proximal, 386 
of external iliac tract, 391 
of innominate artery, 386 
distal, 385 

internal iliac branches, 392, 393 
of subclavian artery, 389 
of thoracic aorta, 382 
in treatment of angiomata of scalp, 329 
lateral, in veins, to restore circulation, 286 
to check bleeding in veins, 286 
Ligation en masse to check bleeding in capil¬ 
laries, 328 

Light rays, burns due to, 700 
Lime and soda method of skin sterilization 
for operations, 149 

Lindemann’s method of blood transfusion, 
341 

of indirect blood transfusion, 312-315 
Lip, lower, cpitheliomata of, operations for, 
495 

removal of epithelioma in, 495 
removal of glands in, 495 
restoration of lip in, 496 
Dowd’s method of, 501 
Estlander’s method of, 502 
Jaesche’s modideation of Dieffen- 
bach’s method in, 502 
Malgaigne’s method of, 503 
Morestin’s method of, 498 

for very extensive loss of sub¬ 
stance of the two lips and 
part of cheek, 500 
Sfidillot’s method of. 503 
Syme’s method of, 502 
technic of operation in, 496 
8 uturi;Dg in, 497 


Lip, lower, epitheliomata of, radium therapy 
of, 767 

operations for removal of non-malignant 
growths of, 494 
anesthetic in, 494 
position in, 494 
technic of, 494 

double triangle method in, 495 
plastic surgery of, 503 
Idpomata of muscles, 622 
Liquid air in freezing of nevi, 328 
Liver, diseases of, contra-indicating opera¬ 
tions, 188 

gunshot wounds of, 670 
Tiobar pneumonia. See Pneumonia, lobar. 
Locke’s fluid, for infusion, 297 
Lockjaw. See ’rctmus. 

Locomotor ataxia and spasticity, 530 
Lotheissen’s operation for Dupuytren’s con¬ 
tracture, 646 

Lower extremities, edema of, Handley’s op¬ 
eration to establish artidcial 
channels for lymph drainage in, 
332 

Lower, Richard, blooil transfusion operation 
of, 337, 338 

Lumbar puncture in cerebrospinal meningitis, 
210 

in epidemic cerebrospinal meningitis, 157 
Lung, abscess of, a surgical complication of 
lobar pneumonia, 164 
and operation, 189 
g.angrene of, ami operations, 189 
gunshot wounds of, 669 

signs and symptoms of, 669 
treatment in, 669 

Lung-motor for artidcial respiration, 131 
Luiuis of mucous membrane, radium therapy 
for, 770 

Lupus vulgaris, radium therapy of, 770 
Jjymph notie affections, complicating scarlet 
fever, 155 

Lymphadenitis in erysipelas, 160 
Lymphangitis complicating acute suppurative 
inflammation of tendon sheaths 
of hand, 642 
treatment of, 689 
Lymphatics, operation on, 330 

Handley’s, for establishing artidcial 
channels for lymph drainage, 
3.30 

in affections of face, 332 
in affections of lower extremities, 
3.32 

in affections of upper extremities, 331 
in ascites, 332 
indications for, 330 

Madura foot, treatment of, 697 
Magnesium sulphate, subdural injections of, 
in treatment of tetanus, 694 
Malgaigne’s method of paring and suture in 
correction of harelip, 466 
of restoration of lower lip in operation for 
epithelioma, 503 

Mallein in diagnosis of glanders, 208 
Mammary artery, internal ligation of, in con¬ 
tinuity, 419 
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Mammary artery, internal ligation of, in con¬ 
tinuity, anatomy of, 419 
operation in, 419, 420 

Mamourian’s method of excision for vari 
COSO veins, 322 

Markoe operating tabic, 40, 42 
Mastoid region, aspiration during oiK’ration 
in, 237 

Matas endo-aneurysmorrhaphy and ancurys- 
inoplasty operations, 370 
on use of tourniquet and elastic bandage 
to check bleeding, 2r)(i 

Maxillary occlusion, cicatricial, (lusseii- 
bauer’s autoplastic operation 
for, 513 

Mayo’s method of excision for varicose veins, 
321 

McBride’s method of treating delirium tre¬ 
mens, 167 

McGrath’s method of indirect blood trans¬ 
fusion, 315 

Measles, complications of, 156 
Median nerve, injuries to, 559 
just above elbow, 559 
treatment of, 559 
just above wrist, 5,59 

Median and ulnar nerve's, injuries affi'cting, 
559 

Mediastinum, alfections of, and operation, 
190 

Medullary anesthesia, 6t 
agents employed in, 67 
apparatus for, 66 
limitations of, 66 
physiology of, 65 
circulation in, 65 
respiration in, 65 
skin in, 66 
uterus in, 06 

preparation of .anesthetic agent in, 66 
preparation of patient in, 68 
techflic of, 68 

Meloplasty, Hcc Gheeks, plastic surgery of. 
Mcltzer method of intratracheal insufllation 
in ether anesthesia, 91 
pharyngeal tube for artificial respir.ation, 
130 

Meningitis, ccrebrospin.al. See Cerebrospinal 
meningitis. 

Mercury bichlorid, for sterilization in aseptic 
surgical technic, 4 
Mercury bichlorid poisoning, 181 
operation contra-indicateil in, 185 
stripping of caitsule of kidney in, 184, 
185 

symptoms of, 185 

Metastatic glands, extirpation of, 767 
in cancer, radium ther.apy for, 769 
Metchnikolf, phagocyte theory of, to explain 
immunity, 197 

Meyers, Hans, theory of general anesthesia 
of, 72 

Michael’s clips for suturing, 33 
“Miner’s elbow,’’ 631 
Mixed vaccines, 205 
Moleskin adhesive plaster, 12 
Moore-Corradi method of wiring in treat¬ 
ment of aneurysm, 369 


Morestin’s method of restoration of lower 
lip in operation for epithelioma, 
498 

for very extensive loss of substance of 
the two lips and part of cheek, 
500 

Moritz's method of blood transfusion, ,340 
Moro's tuberculin diagnostic test, 221 
Morplmi, as ndjuiict in ether anesthesia, 102 
dos,age of, 103 
habitual use of, 168 
contra-indication to operations, 168 
symptoms of, 168 
treatment of, 169 

Morphia sulphate, hypodermic injection of, 
for shock, 677 

Mosquito bites, treatment of wounds duo to, 
686 

Moss dressings, 10 ^ 

Mould«<l plaster splints for fractures, 709 
application of, 710 
prep.-iration of, 709 

Mouth, disi'ases of, contra indicating opera¬ 
tions, 187 

Mouth obstruction to respiration in anes¬ 
thesia, 135 

Mouth and pharynx, aspiration in, during 
operation, 237 
postojicrativo use of, 241 
Mouse toothed forcejis, 36 
Mucous membranes, epitheliomata of, radium 
therapy for, 766 

lupus of, radium therajiy for, 770 
Mull bandages, 11 

Munqis, surgical complications of, 157 
Murjdiy’s end to-end method of arteriovenous 
anastomosis, 275 

inv.agination methods of eml-to end arterial 
ann.stomusis, 26,3, 272 
early metlioil, 263 
recent method, 264 
Muscle fibers, split, sutures for, 32 
Muscle ])lasticH in region of cheeks, Lexer 
method of, 514 

Muscles, 613 

actinomycosis of, 620 
atrophy of, 615 
treatment of, 615 
contr.acturo of, ischemic, 616 
causes of, 616 
results of, 616 
treatment of, 616 618 
ilegener.ation of, 615 
treatment of, 615 
diseases of, 615 

hernia of, ojinrativo treatment of, 613 
hydatid disease of, 620 
inflammation of, 618 
treatment of, 619 
injuries of, 613 

subcutaneous treatment of, 613 
of arm and leg, rupture of, operative treat- 
■ ment of, 613 

osBiflc,ation of, 621 

clinical forms of, 621, 622 
etiology of, 622 
treatment of, 622 
paralysis of, 626 
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Muscles, paralysis of, due to ischemic contrac¬ 
ture of distant muscles, 616 
treatment of, 617, 618 
transplantation of tendons in treatment 
•of, 627 

rupture of, in arm and leg, operative treat¬ 
ment of, 613 

subcutaneous, operative treatment of, 
615 

suture for, 32 

spasticity in, treatment of, 528 
by extraspinal operations, 529 
alcohol injections into nerves in, 
529 

nerve resection in, 529 
by intraspinal operations, 530 
Foerster’s operation in, 530 
dangers and diificulties of, 533 
indications for, 533 
results of, 532 
technic of, 531 
syphilis of, 620 
trichiniasis in, 621 
etiology of, 621 
symptoms of, 621 ■ 
treatment of, 621 
tuberculosis of, 619 
treatment of, 619 

Beck’s bismuth subnitrate and vase- 
lin injection in, 620 
operative, 620 
varieties of, 619 
tumors of, 622 
treatment of, 622 

Musculospiral nerve, injuries to, 556 
exploration in, 556 
operative treatment of, 557 
prognosis of, 556 

Myositis, acute parenchymatous, 619 
diffuse syphilitic, 621 
simple, 618 
suppurative, 618 

Myxomata of muscles, 622 

Nasal obstruction to respiration in anesthesia, 
135 

Naval warfare, wounds in. See under Gun¬ 
shot wounds. 

Neck, gunshot wounds of, 669 
inoperable cancer of, radium therapy of, 
769 

Neck and throat, inflltration anesthesia for 
minor operations on, 56 

Needling in.treatment of aneurysm, 369. See 
also Aneurysm. 

Neoplasms, malignant, radium therapy for, 
766 

Nephritis, acute, contra-indiedting operation, 
192 

chronic, contra-indicating operation, 193 
complicating scarlet fever, 156 

Nephrotomy position in operations, 42 

Nerve anastomosis, 538 

Nerve avulsion, 536 

Nerve bridging, 540 
by nerve transplantations, 540- 
by tubulization, 541 
by use of a vein, 541 


Nerve crossing, 540 
Nerve lesions in anesthesia, 141 
prophylaxis in, 141, 142 
Nerve resection for relief of spasticity, 529 
Nerve sheaths, tumors of, 563 
treatment of, 564 

Nerves, sranial, disturbances of, 564 
eighth, 600 

operative treatment for, 600 
eleventh, operative treatment of, 60l 
' anatomical considerations in, 601 
indications of, 601 
technic of, 602 
fifth (trigeminal), 564 
alcohol injections into nerve trunks in 
treatment of, 569 
advantages of, 569 
anesthesia in, 570 
contra-indications for, 570 
disadvantages of, 569 
instruments for, 570 
results of, 574 
solution for, 570 
technic of operation for, 570 
general considerations of, 570 
on inferior maxillary nerve, 573 
on superior maxillary nerve, 572 
anatomical considerations of, 564 
inferior maxillary division, 565 
ophthalmic division, 565 
superior maxillary division, 565 
indications for treatment of, 565 
intracranial operation on Gasserian gan- 
. • giion for, 574 • 

advantages of, 582 
anatomical considerations of, 575 
indications for, 575 
results of, 583 
technic of, 576 

posterior root section by infratem¬ 
poral route in (Cushing opera¬ 
tion), 580 

sensory root division by autriculo- 
temporal route in (Spiller- 
Frazier method), 578 
care of eyes in, 579 
medical treatment for, 565 
peripheral operation for, 566 
on inferior dental branch, 568 
on superior maxillary branch, 567 
on supra-orbital branch, 566 
results of, 569 

resection of nerve trunks at their exit 
from base of skull in treatment 
of, 569 

seventh, operative treatment in, 583 
anatomical considerations in, 583 
for facial paralysis, 586 

anastomosis of peripheral portion of 
facial nerve with a neighboring 
motor nerve, 586 
choice of motor nerve in, 587 
methods of, 587 
postoperative exercises in, 595 
technic of, 587 

in facio-hypoglossal anastomosis. 
587 

(1) incision, 588 
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Nerves, cranial, seventh, operative treatment 
in, for facial paralysis, teclmie 
of, in faeio-liy|) 0 );lossiil anas¬ 
tomosis: 

(2) isolation ami section of 
facial nerve, 5>S.S 

(3) expos\ire of liypoglo8S.al 
nerve, 590 

(4) implantation, 591 

(5) closnre of nouml, 591 

(6) postoperative course, 592 

(7) results, 592 

in facio-spinal accessory anas¬ 
tomosis, ,595 

time of operation in, 586 
lesions causing, 586 
for facial spasm, 584 
alcohol injection in, 585 
section of facial nerve and anasto¬ 
mosis with ,1 motor nerve in, 585 
for neuralgia of sensory portion, .597 
by division of motor seventh, pars 
intermedia ,‘ind eighth, 597 
results of, 599 
technic of, 597 
indications for, 583 
tenth, operative treatment of, 600 
Nerves, gunshot wounds of, 662 
treatment of, 662 

Nerves of brachial plexus, lesions of, 545 
below the elavicle, 555 
in adults, exploratory operation in, 551 
in infants, early operation in, 549 
nature of, 546 
operative treatment of, 551 
postoperative treatment of, 555 
treatment for, preceding operation, 549 
Nerves, peripheral, neuralgias of, 526 
posterior root section in treatment of, 526 
dangers of, 528 
results of, 528 
technic of, 526 

Nerves, peripheral, operations on, 525 
anatomical consiflerations in, 525 
for relief of neuralgias, 526 
posterior root section in, 526 
dangers of, 528 
results of. 528 
technic of, 526 
for relief of pain, 526 
due to traumatism and inflammation, 526 
for relief of paralysis, 535 
general considerations in, 542 
nerve avulsion, 536 
neurectasy, 536 
neurectomy, 536 
neurolysis, 542 
neuroplasty, 538 

bone resection in, 541 
choice of operation in, 541 
nerve anastomosis in, 538 
nerve bridging in, 540 
by nerve transplantations, 540 
by tubulization, 541 
by use of a vein, 541 
nerve crossing in, 540 
neurorrhaphy, 536 

after-treatment of, 538 


Nerves, peripheral, operations on, for relief 
of paralysis, ncurorrlmphy, gen¬ 
eral jirinciples of, 537 
lateral tension method of, 537 
secondary, 5.38 

through-aiid-through method of, 536 
neurotomy, 536 

for relief of spasmodic torticollis, 533 
posterior root section, 535 
resection of coivicnl nerves, 534 
for relief of spasticity, 528 
extraspinal o])erations in, 520 
alcohol injection in, 529 
nerve resection in, 529 
intraspiiial operations in, 5.30 
I’oerster’s operation, 530 
dangers and dilliciiltios of, 633 
indications for, 533 
, results of, 532 
technic of, 531 
for repair of injuries, 542 
causes of failure in, 545 
deformity ami resulting paralysis in, 544 
in brachial plexus, 545 
below the clavicle, 555 
in adults, exploratory, 551 
in infants, early, 549 
nature of, 546 • 

operative technic in, 651 
postoperative treatment in, 555 
treatment for, preceding operation, 649 
in cauda ecpiina, 560 

anatomical <'unsiderationa in, 660 
causes of, 560 
results of, 561 
treatment of, 561 
in great sciatic nerve, 562 
in median nerve, 5.59 
just above elbow, 5.59 
treatment of, 559 
just above wrist, 5.59 
in median and ulnar nerves, 559 
ill musculospirnl nerve, 556 
exploration in, 556 
operative treatment of, 557 
prognosis of, 556 
in suprascapular nerve, 555 
in ulnar nerve, 557 
at elbow, 558 
etiology of, 558 
symptoms of, 558 
treatment in, 558 
just above wrist, 557 
treatment in, 558 
reaction of degeneration in, 643 
results of, .545 

return of function following, 545 
for tumors, 563 
indications for, 525 

Nerves, peripheral, pain due to traumatism 
and inflammation of, 626 
medicinal and local treatment of, 526 
operative treatment of, 526 
technic of, 526 

Nerves, suprascapular, injuries to, 555 
treatment of, 555 

Nervous system, central contra-indicating op¬ 
erations. 193 
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Neuralgias of peripheral nerves, 526 

posterior root section in treatment of, 
526 

dangers of, 528 
results of, 528 
technic of, 526 

of sensory portion of seventh nerve, oper¬ 
ative treatment for, 597 
by division of motor seventh, pars in¬ 
termedia and eighth, 597 
results of, 599 
technic of, 597 
discussion of, 598 
radium therapy for, 771 
Neurectasy, 536 
Neurectomy, 536 
Neurofibromata, 563 
Neurolysis, 542 
Neuromata, 563 
false, 563 

treatment of, 563, 564 
true, 563 
Neuroplasty, 538 
bone resection in, 541 
choice of operation in, 541 
nerve anastomosis in, 538 
nerve bridging in, 540 

by nerve transplantations, 540 
by tubulization, 541 
by use of a vein, 541 
nerve crossing in, 540 
Neurorrhaphy, 536 
after-treatment of, 538 
general principles of, 537 
Stteral tension method of, 537 
secondary, 538 

through-and-through method of, 536 
Neurotomy, 536 

Nevi, vascular, operations on capillaries for 
treatment of, 328. See also un¬ 
der Capillaries. 

New growths. See Neoplasms. 

Nitrous oxid anesthesia, 110 
adjuvants in, 123 
alkaloidal narcosis, 124 
technic of, 124, 125 
ether anesthesia, 123 
technic of, 124 
postoperative narcosis, 125 
administration of nitrous oxid in, 118 
of nitrous oxid-oxygen mixtures, 118 
advantages and limitations of, 122 
apparatus for, 115 

for control of gases, 116 
measuring, 117 
non-measuring, 116 
for gas supply, 116 
inhaler in, 115 

general considerations of, 118, 119 
methods of delivery of, 119 
by Connell method, 121 
by continuous flow method (Booth- 
by), 120 

by insufflation, 121 
partial, 121, 122 

by interrupted flow or rebreathing 
method (Catch), 120 • 
of nitrous oxid undiluted, 118 


Nitrous oxid anesthesia, as adjunct in ethei 
anesthesia, 103 
technic of, 103, 104 
physiological action of, 111 

with nitrous oxid-oxygen mixture, 112, 
113 

zones in, 113-115 
with undiluted nitrous oxid. 111 
overdose in, 111, 112 

Nitrous oxid-oxygen anesthesia, administra¬ 
tion of gases in, 118 
general consideration of, 118, 119 
methods of delivery in, 119 
by Connell method, 121 
by continuous flow method (Boothby), 
120 

by insufflation, 121 
partial, 121, 122 

by interrupted flow or rebreathed 
method (Gatch), 120 
advantages and limitations of, 122 
apparatus for, 115 
for control of gases, 116 
measuring, 117 
non-measuring, 116 
for gas supply, 116 
inhaler, 115 

as adjunct in ether anesthesia, 104 
physiological action of, 112, 113 
zones in, 113-115 

Nose and its sinuses, preparation of, preced¬ 
ing operation, 145 

Novocain.in local anesthesia, 50 
in spinal anesthesia, 67 

Oakum dressings, 10 

Obesity, contra-indication to operation, 182 
operation for hernia in, 182 

O’Day’s technic of end-to-end arterial anas¬ 
tomosis, 272 

Olecranon bursa, diseases of, 633 

Olecranon process, fracture of, 720 
moulded plaster splint for, 721 
reduction of, 720 

Open wounds. See Wounds, open. 

Operating theater, 37 
cleanliness in, 39 
furniture in, 39-43 

Bentley Squier’s portable table in, 42, 
43 

hand bowl stand in, 43 
irrigating stand in, 43 
Kelly instrument table in, 42, 43 ■ 
Markoe operating table in, 40, 42 
light in, 38 

secondary rooms, accessible, in, 39 
ventilation in, 39 

Operation, contra-indications to, 151 

acute polyarticular rheumatism, 184 
affections of the mediastinum, 190 
alcoholism, 164 

surgical complications of, 166 
treatment of, preceding operation, 164- 
166 

treatment of delirium tremens in, 
166 

Lambert’s method of, 166 
. McBride’s method of, 167 
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Operation, contra-indications to, anemia, 151, 
191 ’ ’ 

chronic simple, 152 
shock in, 151 

bichlorid of mercury poisoning, 184 
catarrh, chronic, 189 
chicken-pox, 154 
cocain, liabitnal use of, 170 
symptoms of, 170, 171 
congenital affections of the heart, 191 
coryza, 189 
diabetes mellitus, 174 
diet in, 175 
prognosis of, 180 
surgical complications of, 174 
diabetic gangrene in, amputation 
for, 180-182 
diphtheria, 156 
diseases of arteries, 191 
of bladder, 193 
of bronchi, 189 
of central nervous system, 193 
of csoph.agus, 188 
of heart, 190 
of intestine, 188 
of kidney, 192 
of larynx, 189 
of liver, 188 
of lung, 189 
of mouth, 187 
of pancreas, 188 
of peritoneum, 189 
of pharynx, 187 
of pleura, 189, 190 
of spleen, 192 
of stomach, 188 
of suprarenal bodies, 192 
of thymus, 192 
of thyroid, 192 
of tonsils, 187 
enteroptosis, 188 

epidemic cerebrospinal meningitis, 157 
lumbar puncture in, 157 
erysipelas, 158 

surgical complications of, 158 
abscesses, 158 
delirium tremens, 161 
gangrene of skin, 160 
lymphadenitis, 160 
phlebitis, 160 

pneumonia and empyema, 160 
exophthalmic goiter, 192 
gout, 184 

Hodgkin’s disease, 191 

leukemia, 191 

lobar pneumonia, 163 

surgical complications of, 163 
abscess of lung, 164 
empyema, 163 
measles, 156 
mumps, 157 
neuroses of heart, 191 
obesity, 182 

opium and morphin, use of, 168 
symptoms of, 168 
treatment of, 169 
pericarditis, plastic, 190 
with effusion, 190 
62 


Operations, contra-indications to, phosphorus 
poisoning, 185 
pneuiiioina, 189 
purpura and hemophilia, 192 
rickets, 182 
scarlet fever, 155 

surgical complications of, 155 
albuminuria, 156 
arthritis, 156 
lymph node affections, 155 
nephritis, 156 
otitis nu'dia, 155 
paronychia, 156 
peritonitis, 156 
scurvy, 183 
skill diseases, 191 
smallpox, 154 

status lyinphaticiiB, 161, 192 
^external ni)]>earaiices in, 161 
other characteristics of, 162 
syphilis, 172 

surgical eomplientioiis of, 173 
treatment in, 172 
tetanus, 173 
tro|)ical diseases, 193 
tuliereulosis, 186 

anesthetii" to bo used in operations in, 
186, 187 
typhoid fever, 152 

surgical complications of, 152, 153 
acute abdominal conditions of, 153 
perforation, 153 
typhoid gangrene, 153, 154 
typhus fever, 154 
surgical complications of, 154 
whooping-cough, 157 
wounils of heart, 191 
preparation of patient for, 143 
mental, 143 
physical, 144 
diet in, 145 

digestive organs in, 145 
drugs in, 145 
ear sterilization in, 150 
eye sterilization in, 150 
genito urinary tract in, 145 
nose and its sinuses in, 145 
rectal sterilization in, 150 
skin sterilization in, 146 et aeq. 
alcohol-ethcr-bichlorid method in. 
149 

dangers of, 149 
drawbacks of, 149 
modifications of, 149 
precautions in, 149 
aseptic coating following, 150 
benzin method in, 149 
carbon tetrachlorid in, 150 
iodin method in, 147 
dangers of, 148 
drawbacks of, 148 
precautions in, 148 
variations of, 148 
lime and soda motiiod in, 140 
picric acid in, 150 
thymol in, 150 
teeth in, 144 
throat in, 144 



802 


INDEX 


Operation, contra-indications to, preparation 
of patient for, physical, vaginal 
sterilization in, 150 

washing of stomach in, cases requiring, 
146 

prophylactic vaccination preceding, 204 
Operative technic, 27 

bone operations in, 31, 32 
closure of wounds in, 32 
Michael’s clips in, 33 
subcuticular suture in, 34 
sutures in, 32 
drainage in, 34 
dressings in, 34 
hemostasis in, 28 

blood transfusion for loss of blood in, 30 
bone bleeding in, 29 
chemicals in, 29 

compression of artery through intramus¬ 
cular incision in, 31 

Esmarch bandage in, application of, 30 
ligating of blood-vessels in, 29 
ligating of blood-vessels of pedicles in, 
29 

normal salt solution injections for loss 
of blood in, 30 
sequestration anemia in, 30 
speed in, 30 
incisions in, 28 
instruments in, 35 
artery clamps, 35 
forceps, 36 
iknives, 35 
{probes, 37 
iretraetors, 37 
'Scissors, 35 

operating theater in, 37 
cleanliness in, 39 
furniture in, 39-43 

Bentley-Squier's portable table in, 42, 
43 

hand bowl stand in, 43 
irrigating stand in, 43 
Kelly instrument table in, 42, 43 
Markoe operating table in, 40, 42 
light in, 38 

secondary rooms, accessible, in, 39 
ventilation in, 39 

position and arrangement of patient in, 43 
celiotomy position in, 40 
nephrotomy position in, 42 
Bose position in, 41, 42, 44 
Trendelenburg position in, 41, 42, 44 
speed V9. accuracy in, 27 • 
surgeon’s dress in, 44-46 
trauma to tissues in, 31 
Opium, habitual use of, 168 

contra-indication to operations, 168 
symptoms of, 168 
treatment of, 169 
Opsonins, 200 

Osmosis, local anesthesia by, 51 
Ossification of muscles. See Muscles, ossifi¬ 
cation of. 

Osteomyelitis, vaccine therapy of, 210 
Osteosarcoma, radium therapy in, 769 
Otitis media complicating epidemic cerebro¬ 
spinal meningitis, 157 


Otitis media, complicating measles, 157 
complicating scarlet fever, 155 
vaccine ther.apy of, 210 

Otoplasty. See Kar, plastic operations of. 

I’.agen8techer’s thread for suturing, 8 

Pain due to trpumatism and inflammation of 
peripheral nerves, 526 
medicinal and local treatment of, 526 
operative treatment of, 526 
technic of, 526 

Palate, cleft. See Cleft palate. 

Pancreas, diseases of, and anesthetic in op¬ 
eration, 188 

Papillomata, of lower lip, operation for ex¬ 
cision of, 494 
radium therapy of, 764 

Paraflin, use of, as an anticoagulant for trans¬ 
fusion apparatus, 342. See also 
Sattcrlee and Hooker’s metjiods 
of indirect blood transfusion 
with use of paraffin and hirudin. 

Paralysis, anesthesia, 556 

brachial birth, Erb’s type of. See Brachial 
plexus lesions. 

duo to injuries of brachial plexus, 545. 

See also Brachial plexus le¬ 
sions. 

of cauda equina, 561 
of great sciatic nerve, 562 
of median nerve, 559 
of median and ulnar nerves, 559 
of musculospiral nerve, 556 
of suprascapular nerve, 555 
of ulnar nerve, 557 
facial. See Facial paralysis, 
of muscle groups due to ischemic contrac¬ 
ture of distant muscles, 616 
treatment of, 617, 618 
of muscles, transplantation of tendons in 
treatment of, 627 

operations on peripheral nerves for relief 
of, 535 

general considerations in, 542 
nerve avulsion, 536 
neurectasy, 536 
neurectomy, 536 
neurolysis, 542 
neuroplasty, 538 

bone resection in, 541 
choice of operation in, 541 
nerve anastomosis in, 538 
nerve bridging in, 540 

by nerve transplantations, 540 
by tubulization, 541 
by use of a vein, 541 
nerve crossing in, 540 
neurorrhaphy, 536 

after-treatment of, 538 
general principles of, 537 
lateral tension method of, 537 
secondary, 538 

through-and-through method of, 536 
neurotomy, 536 
Saturday-night, 556 

traumatic, Erb’s. See Brachial plexus le¬ 
sions. 

Volkmann’s ischemic, 559 
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Parkhill’s method of operation for abnormal 
enlargement of the aiiriele, 50,'j 
Paronychia complicating scarlet fever, 156 
Parotid gland, inoperable sarcoma of, radium 
therapy for, 76!) 

Pasteur, exhaustion theory of, to explain im- 
inunity, 197 
Patella, fracture of, 754 

plaster of-Paris dressing for, 73t-7ll6 
Payr's invagination method of end to eiul ar¬ 
terial anastomosis, 26t, *J72, 273 
rings for end-to-end nnastomusis of arter¬ 
ies, 264 

“Peri-arthritis huftieroscapularis,’’ 632 
Pericarditis, plastic, a contraindication to 
operation, 190 
with elTusion, 190 

Peripheral nerves, neuralgias of, 526 
operations on, 525 
anatomical considerations of, >525 
for relief of neuralgias, 526 
posterior root section in, 526 
dangers of, 528 
results of, 528 
technic of, 526 
for relief of pain, 526 

due to traumatism and inflammation, 
526 

technic of, 526 
for relief of paralysis, 535 
general considerations in, 542 
nerve avulsion, 536 
neurectasy, 536 
neurectomy, 536 
neurolysis, 542 
neuroplasty, 538 

bone resection in, 541 
choice of operation in, 541 
nerve anastomosis in, 538 
nerve bridging in, 510 

by nerve transplantations, 540 
by tiihulization, 541 
by use of a vein, 541 
nerve crossing in, 540 
neurorrhaphy, 536 

after-treatment of, 538 
general principles of, 537 
lateral tension method of, 537 
secondary, 538 

through-and-through method of, 536 
neurotomy, 536 

for relief of spasmodic torticollis, 533 
posterior root section, 535 
resection of cervical nerves, 534 
for relief of spasticity, 528 
extraspinni operations in, 529 
alcohol injection in, 529 
nerve resection in, 529 
intraspinal operations in, 530 
Foerster’s operation, 530 

dangers and difficulties of, 533 
indications for, 533 
results of, 532 
technic of, .531 
for repair of injuries, 542 
causes of failure in, 545 
deformity and resulting paralysis in, 
544 


Peripheral nerves, neuralgias of, operations 
on, for repair of injuries in 
brachial jdexus, 515 
Im*1ow tho clavicle, 555 
in adults, exploratory, 551 
in infants, early, 519 
nature of, 516 
operative technic in, 551 
]>ost operative treatment in, .55.5 
treatment for, preceding operation, 
519 

in caud.-i ecpiina, 560 

anatomical considerations in, 560 
causes of, 560 
residts of, 561 
treatment of, 561 
in great sciatic nerve, 562 
in median nerve, 5.59 
just above elbow, 559 
• jtist above wrist, 559 
in median and ulnar nerves, 5.59 
in musculospiral nerve, .556 
exploration in, 556 
operative treatment in, 557 
jirognosis of, .556 
in Hupra8ca|)ular nerve, .555 
in ulnar nerve, 557 
at elbow, 558 
just above wrist, 557 
reaction of degeneration in, .543 
residts of, 545 

return of function following, 545 
for tumors, 56.3 
indications for, 525 

pain <luo to trauniatism and inflammation 
of, 526 

mcilicinal and local treatment of, 526 
o[)erative treatment of, 526 
technic, of, 526 
Perio.steum, sutures for, 32 
Peritoneum, diseases of, ojx'rations in, 189 
I’eritonitis comjiliciiting scarlet fever, 156 
Peroneal artery, ligation of, in continuity, 
445 

anatomy of, 445 
operation of, 445 
in lower third, 445 
in upper third, 44.5 
Phagocytosis, 200, 201 
I’hagolysis, 200 

I’haryngeal insufflation in artificial respira¬ 
tion, 130 

method of administering ether for anes¬ 
thesia, 95. ,Scc also under 
Ether anesthesia. 

method of administering nitrous oxid-oxy- 
gen mixture for anesthesia, 121 
Pharyngeal obstruction to respiration in an¬ 
esthesia, 1.35 

Pharyngitis, contraindicating operation, 
187 

Pharynx, acute infectious phlegmon of, con¬ 
tra-indicating operation, 187 
c,ancer of, radium therapy for, 767 
diseases of, contra-indicating operations, 
187 

ulceration of, contra-indication to opera¬ 
tion, 187 
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Phlebitis in erysipelas, 160 
infective, operative treatment of, 327 
Phlegmon, acute infectious of pharynx, con¬ 
tra-indication to operation, 187 
Phosphorus poisoning, 185 
Picric acid solution in burns of second de¬ 
gree, 698 

of third degree, 699 
in shin sterilization for operations, 150 
von Pirquet’s diagnostic tuberculin reaction, 
221 

Pistols, automatic, experiments in wounds 
made by various types of, 649 
United States cavalry, effect of, 654 
Plaster, adhesive, 12 
moleskin, 12 
' zinc oxid, 12 

Plaster-of-Paris dresslngn, 11, 707 
for club-foot, 751 

for Colle’s fracture, 724 * 

moulded plaster splints for, 724, 725 
reduction in, 724 

for congenital dislocation of hip (spica), 
749 

application of, 749 
in bilateral cases, 750 
in unilateral cases, 750 
for flat-foot, 752 
for fracture of bones of foot, 741 
of bones of hand,' 725 
circular plaster ^dressing for, 725, 726 
of coronoid process, 721 
of femur, lower end of, 733 
epiphyseal, 734 
intercondyloid, 733 
of either condyle, 733 
neck of, 726 

extension and counter-extension in 
(Hodgin’s splint), 726 
application of, 726 
preparation of, 725 
reduction and retention in (Whit¬ 
man’s method), 729 
in cases with impaction, 729 
in cases without impaction, 729- 
731 

shaft of, 731 

Buck’s extension with Volkmann 
sliding rest in, 731, 732 
in young children, 733 
long plaster spica for, 731 
reduction of, 731 
subtrochanteric, 731 
supracondyloid, 733 

long plaster spica in, 733 
of fibula alone, 740 

of humerus, epiphysis of upper end of, 
714 

application of, 715 
reduction in, 714 
lower end of, 717 
epiphyseal, 720 
of external condyle, 720 
of internal condyle, 719 - 
moulded splints in, 719 
of internal epicondyle, 719 
snpracondyloid, 718 
plaster-of-Paris dressing in, 718 


Plaster-of-Paris dressings for fracture of 
humerus, lower end of, supra- 
condyloid, plaster - of - Paris 
splints in, 718, 719 
T- or iT-shaped, 720 
moulded splints in, 720 
shaft of, 716 
application of, 716, 717 
reduction in, 716 
surgical neck of, 715 
application of, 715, 716 
reduction in, 715 
of olecranon process, 720 
application of, 721 ' 
reduction in, 720 
of radius, of head and neck, 722 
shaft of, 723 

moulded plaster splints for, 724 
reduction in, 723, 724 
of radius and ulna, 722 

moulded plaster splints for, 723 
reduction in, 722 
of tibia alone, 736 
of tibia and fibula, 736 

in cases with difficulty in retaining of 
fragments in position, 737 
with swelling and displacement, 
736 . 

without displacement, 736 
of patella, 734-736 
of ulna, shaft of, 723 

moulded plaster splints for, 723 
reduction in, 723 
of vertebriE, 749 
for Pott’s fracture, 740 
general principles in application of, 708 
materials necessary for, 708 
preparation for plaster work in, 709 
preparation of, 707 
removal of, 713 

removal of plaster from hands following 
application of, 714 
varieties of, 709 
circular plaster dressings, 710 
application of, 710, 711 
fenestrated plaster dressings, 711 
interrupted plaster dressings, 712 
jackets, 742. See also under Plaster-of- 
Paris jackets. 

moulded plaster splints, 709 
application of, 710 
preparation of, 709 
spica for hip, 712 
application of, 712, 713 
Plaster-of-Paris jackets, 742 

application of, with patient in dorsal posi¬ 
tion, 745 

with patient in prone position, 744 
with patient standing, 742-744 
Calot, 747 
removable, 748 

Plastic surgery, general principles of, 451 
methods used in, 452 
causes of failure in, 456 
gliding flaps in, 452 
with rotation, 453 
granulation method in, 45'’. 
pedunculated flaps in, 453 
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Plastic surgery, methods used in, sutures and 
tension in, 452 

transplantation of free grafts in, 454 
of cheeks, 507. Sec also utiihr t'heeks. 
of cleft palate, 456. See also Cleft palate, 
of ear, 504. See also under Kar. 
of harelip, 456. See also Harelip, 
of lower lip. See under Lip, lower, 
of upper lip, 503 
skin grafting in, 456 
Pleura, diseases of, and operations, 189 
Plexiform neuromata, 563 
I'neuniococcus infections, scrum therapy of, 
212 

vaccine therapy of, 212 
Pneumonia, a contra-indication to operations, 
189 

complicating erysipelas, 160 
lobar, complicating measles, 156 

contra-indication to operations, 163 
surgical complications of, 16.8 
abscess of lung, 164 
empyema, 163 

Pneumothorax, Kenyon’s method of aspira¬ 
tion in treatment of, 212-24 t 
Poisoned weapons, treatment of wounds duo 
to, 688 

Polymyositis hemorrhagica, 619 
Polyvalent vaccines, 205 

Popliteal artery, aneurysm of, operative 
treatment of, 39.8-395 
ligation of, in continuity, anatomy of, 
441 

operation in, 442 

^ in lower part of popliteal sp.aco, 443 
in upper part of popliteal space, 442 
results of operation in, 443 
Popliteal bursa-, diseases of, 633 
“Port wine marks,” Kromayer light in 
treatment of, 330 

Postural compression to check bleetling in 
arteries, 255 
in veins, 286 

Potassium iodid in treatment of actinomyco¬ 
sis, 696 

Pott’s fracture, plastor-of-Paris dressing for, 
740 

Pregnancy, defensive ferments in body in, 
226, 227 

Prepatellar bursa, diseases of, 633 
Pressure for production of local anesthesia, 
48 

Pressure methods, differential, in anesthesia, 
128 

negative pressure in Sauerbruch chamber 
in, 129 

positive pressure by face mask in, 129 
positive pressure by intratracheal insuffla¬ 
tion in, 130 

positive pressure by pharyngeal insuffla¬ 
tion in, 130 

Probes, use of, in operative technic, 37 
Probing for bullet in gunshot wounds in 
warfare, 655 

Prophylactic vaccination. See Vaccination, 
prophylactic. 

Prostate, inoperable sarcoma of, radium 
therapy for, 769 


Pudic artery, internal, ligation of, in con¬ 
tinuity, 437 
anatomy of, 437 
operation in, 437 

Pulmonary edema in anesthesia, 137 

Pnlmotor for artificial respiration, 1.80 

Pumps for aspiration, in operative surgery, 
229 

ejector, 230 

filter, 230 

first use of, 232 

mechnnical, 229 

operated by fluid or vapor, 230 

I’urpurn, a contra-indication to operation, 
192 

Purse-string ligature for small angiomata of 
scalp, 329 

Putrefactive infections, treatment of, 692 

Pyem^i, treatment of, 691 * 

Pyogenic, infections, wouinls infected by, 
treatment of, 6.S9 

Pyorrliea alveolaris, vaccine therapy of, 211 

Qninin and urea hydrochlorate in local anes¬ 
thesia, 51 

itabies, diagnosis in, 212 
vaccine therapy in, 212 

administration of virus in, 213 
])reparation of virus in, 212 
serum therjipy of, 21/t 

Itadial artery, ligation of, in continuity, 426 
anatomy of, 425 
operation in, 426 
in hand, 427 
in lower third, 420 
in upper third, 420 
in wrist, 427 

Kadio-.activity, nature of, 761, 762 

K.adiocarpal joint, dislocation of, 757 
backward, 757 
forward, 757 

Radio-ulnar joint, lower, dislocation of, 757 
backward, 757 
forward, 757 

Radium, action of rays of, on living cells, 
763 

activity of, 761, 702 
Alpha rays of, 762 
Hctn rays of, 762 
burns of, 701 
dosage of, 762 
filtration of, 762 
Gambia rays of, 762 
history of, 761 

occurrence and production of, 761 
radiation of, 761 

therapeutic use of, in surgery, 763. See 
also under Radium therapy. 

Radium therapy, dangers of extensive appli¬ 
cation of, 768 
of, angiomata, 765 
of blastomycosis, 697 
of cancer, indications for, 770 
inoperable, 767 

metastatic glandular involvement in, 
769 

of breast^ 768 
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Badium therapy, of cancer, inoperable, of 
cervix, 768 
of esophagus, 769 
of groin, 769 ' 
of neck, 769 
of rectum, 768 
of stomach, 769 
of uterus, 768 

of or near blood-vessols, 769 
of or near viscera, 769 
of tongue, 767 
of tonsil and pharynx, 767 
Radium therapy of chronic ulcerations, 771 
of cicatrices, 765 
of cpithelioraata, cutaneous, 766 
indurated, 766 
superficial, 766 
of lower lip, 767 
of mucous membranes, 766 
of epulis, 769 * 

of exophthalmic goiter, 770 
of fibromata, 764 

of interstitial variety, 764 
of Hodgkin’s disease, 770 
of inoperable lesions, 767- 
of keloids, 765 
of leukoplakia, 771 
of lupus of mucous membrane, 770 
of lupus vulgaris, 770 
of malignant neoplasms, 766 
of neuralgic and itching conditions, 771 
of osteosarcoma, inoperable, 769 
of papillomata, 764 
of sarcoma, inoperable, 769 
of femur, 769 
of parotid gland, 769 
of prostate, 769 
of tonsil, 769 

of senile and seborrhoic keratoses, 764 
of tuberculous glands, 770 
of tuberculous nodules, 770 
of tuberculous sinuses, 770 
of tuberculous ulcers, 770 
of warts, 764 

of X-ray keratoses and ulcerations, 
764 

Radius, Colle’s fracture in, 724 

moulded plaster splints for, 724, 725 
reduction of, 724 

fracture of head and neck of, 722 
moulded splint for, 722 
fracture of shaft of, 723 

moulded plaster splints for, 724 
reduction of, 723, 724 • 

Radius and ulna, fracture of, 722 
moulded plaster splints for, 723 
reduction of, 722 

Raynaud’s disease, arteriovenous anastomosis 
in, 275. See also under Arter¬ 
ies. 

Receptors in side-chain theory, 198 
overproduction of, 198 

Rectum, inoperable cancer of, radium therapy 
for, 768 

sterilization of, in preparation for opera¬ 
tions, 150 

Refrigeration method of production of local 
anesthesia, 48 


Refrigeration method of production of local 
anesthesia, indications and limi¬ 
tations of, 48 
technic of, 48 
Regimental aid to wounded on battlefield, 
6.59 

Regional anesthesia, by injection into medul¬ 
lary canal, 64’ 
agents employed in, 67 
apparatus for, 66 
limitations of, 66 
physiology of, 65 
circulation in, 65 
respiration in, 65 
skin in, 66 
uterus in, 66 

preparation of anesthetic agent in, 66 
preparation of patient in, 68 
technic of, 68 

by intra-arterial injection, 70 
technic of, 70 

by intraneural infiltration, 61 
by intravenous injection,. 69 
technic of, 70 

by perineural infiltration, 63 
technic of, 63, 64 

Reindfleisch and Priedel’s spiral incision for 
varicose veins, 323 
Renal arteries, aneurysm of, 385 
Respiration, artificial, 130 

by intratracheal insufflation, 130 
by lung-motor, 131 
by pharyngeal insufflation, 130 
by pulmotor, 130 

obstruction to, danger in anesthesia, 135 
bronchial, 137 * 

glottal, 136 
mouth, 135 
nasal, 135 
pharyngeal, 135 
tracheal, 136 

Respiratory failure in anesthesia, 138 
etiology of, 138 
symptoms of, 138 
treatment of, 139 

Retractors, use of, in operative technic, 37 
Retropharyngeal abscess, anesthetic in opera¬ 
tion in, 187 

Revedin’s method of skin-grafting, 522 
Rheumatic fever, acute, vaccine and serum 
treatment in, 213 

Rheumatism, acute polyarticular, treatment 
of, 184 

Rickets, treatment of, 182 
Riedinger’s experiments with pointed bullet 
of modern warfare, 652-654 
Rifle bullets, military pointed, 652 
French, 653 
German, 652 

Riedinger’s experiments with, 652-654 
wounds produced by, 651-653 
in Balkan war, 654, 658 
wounds due to, 661. See also under Gun¬ 
shot wounds. 

Ringer’s Fluid, for infusion, 296 
Risley and Irving’s method of blood trans¬ 
fusion with paraffin-coated re¬ 
ceptacles, 342 
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Robert’s method of operation for eloft pal¬ 
ate, 4!>0 

Rose position in operations, t1. 41 .’. It 
Rubber gloves in surgical technic, 17 
putting on of, IS 
sterilization of, 18 
use of, arguments for, 18, 20 
Rubber tissue drains, 14 
Rubber tubes for drainage of wounds, IS 
von Ruck’s tuberculin, 2]() 

Saline solution, normal, for infusion, 200 
injections of, for shock following hemor¬ 
rhage, .'10 • 

Salomon!'s method of end-to-end suture of 
arteries, 205, 20(i 

Sarcomata, inoperable, radium thorai>y of, 
709 

of femur, 709 
of parotid gland, 709 
of j)roatate, 709 
of tonsil, 709 
of muscles, 022 

“Satiirday-niglit” paralysis, 556 
Satterlcc and Hooker's methods of indirect 
blood transfusion with use of ! 
paralTin and hirudin, 510, 557 
history of transfusion exjjeriments under- 
lying, .5;t7 

defibrinated blood in, 341 
early apparatus in, 337 
later apparatus in, 339 
parallin methods in, 342 
recent syringe methods in, 310 
operation with hirudin coated ]>ipets in, 
353 

jjreparation of jiipets with hirudin co.at- 
iiig in, 354 

operation with parallin-coatcd pipets in, 

315 

apparatus in, 340 
instruments in, 345 

j)rcparation of pipets with paraffin coat¬ 
ing in, 352 
technic of, 347 

theoretical considerations and principles 
underlying, 342 

Sayre dressing in fracture of clavicle, 758 
Scarification in treatment of nevi, 329 
Scarlatina. See Scarlet fever. 

Scarlet fever, surgical complications of, 155 
albuminuria, 150 
arthritis, 156 

lymph node affections, 155 
nephritis, 156 
otitis media, 156 
paronychia, 156 
peritonitis, 156 

vaccine and serum therapy in, 213 
Schwarz and McNeil complement-fixation test 
for gonococcus infections, 208, 
209 

Sciatic artery, aneurysm of. See under 
Aneurysm of internal branches 
of iliac artt'ry. 
ligation of, in continuity, 437 
anatomy of, 437 
operation in, 437 


Sciatic* nerve, great, injuries to, 562 
Scissors, use of, in operative technic, 35 
Scopolamin ns adjunct in ether anesthesia, 
102 

Scorpions, treatment of wounds due to, 687 
Scott's blood transfusion ap)mratus, 338 
.Scrotal hernia, infiltration anesthesia for, 58 
Scurvy, a contra-indication to operations, 183 
treatment of, 183 

Sedillot's method of restoration of lower lip 
in o]>eration for epithelioma, 
503 

operation for repair of defects of upper 
li]), 503, 504 

Senile and seborrheic keratoses, radium 
therni)y of, 764 
Sensitized v.-icciues, 201 
Septicemia, treatment of, 691 
Septicopyemia, treatment of, 691 
SecpieMration anemia for limiting of hemor¬ 
rhage in operations, 30 
Serous memhranes, absorjdion of ether by, 
102 

Serum sickness, 223 

methods of injections to avoid, 224 
symptoms of, 223 
theory of, 223, 224 
Serum therajiy, 224 

adiiiinistration of serum in, 225 
in anthrax, 695 
ill man, 20<i 
in bubonic jilagiie, 212 
in cerchrospimil iiieningitis, 211 
in cholera, |irophylactic, 206 
in diphtheria, 207 
dosage of antitoxin in, 207 
in dysentery, 207 

against Flexner-Harris type, 208 
against Shig.a type, 207, 208 
in erysipelas, 208 
in exophthalmic goiter, 208 
in glanders, 208 
in gonococcal infections, 212 
in gonorrhea, 210 
in jineumococcus infections, 212 
in rabies, 213 

in rheumatic fever, acute, 213 
in scarlet fever, 213 
in tetanus, 213 

in treatment of wounds in blood infections, 
692 

Sheaths, tendon. See Tendon sheaths. 

Shells in land warfare, structure of, 671 
wounds produced by, 673 
first-aid packet for, 673 
treatment of, 673 

Shiga bacillus. See under Dysentery. 

Shock, following hemorrhage, blood trans¬ 
fusion for, 30 

normal s,aline solution injections for, 30 
from severe wounds, treatment of, 667, 
668 

in operations complicated by anemia, 151 
surgical, in anesthesia, 140 
etiology of, 140 
treatment of, 141 

Shot in land warfare, structure of, 671 
Shot, case, in land warfare, structure of, 671 
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Shoulder, dislocation of, 753 

reduction of, by manipulation (Kocher’s 
method), 753 

by traction (Stimson’s method), 753, 754 
treatment following, 754 
Shrapnel in land warfare, 671 
structure of, 672 
wounds produced by, 673 
treatment of, 673 

Side-chain theory of immunity, 197 

amboceptor and complement combination 
in, 199 
antibodies in, 198 
body cell in, 197 
chemical nature of, 198 
functions of, 197 
nutritive, 197 
physiological, 197 

side chains, haptines or receptors in, 198 

(1) antitoxin molecule in, 198 * 

(2) agglutinin in, 199 

(3) amboceptor in, 198 
complement in, 199 

haptophore group in, 199 
zymophore group in, 199 
overproduction of receptors in, 198 
toxin molecule in, 198 
haptophore group in, 198 
toxophore group in, 198 
Silicate of soda bandages, 12 
Silk for suturing, 8 
Silkworm-gut for suturing, 8 
Silver Wire for suturing, 8 
Skin, diseases of, contra-indicating opera¬ 
tions, 193 

gangrene of, complicating erysipelas, 160 
sterilization of, for operations, 146 et seq. 
alcohol-ether-bichlorid method in, 149 
dangers of, 149 
drawbacks of, 149 
modifications of, 149 
precautions in, 149 
aseptic coating following, 150 
benzin method in, 149 
carbon tetrachlorid in, 150 
iodin method in, 147 
dangers of, 148 
drawbacks of, 148 
modifications of, 148 
precautions in, 148 
lime and soda method in, 149 
picric acid in, 150 
thymol in, 150 
Skin-grafting, 520 

in plastic surgery, 456 
instruments for, 520 

preparation of surface from which grafts 
are to bo cut in, 520 

preparation of surface to be grafted in, 
521 

Bevedin’s method of, 522 
technic of operation in, 521 
Wolf’s method of, 522 
Woodbury’s method of, 522 
Skin grafts, transplanting of, in operations 
for Dupuytren’s contracture, 
645 

Small-pox, surgical complications of, 154 


Smoler’s clamp in treatment of common 
carotid aneurysm, 387 
Snake bites, treatment of, 687 
constitutional treatment, 687 
local measures, 687 
Sodium bicarbonate for burns, 698 
Soft tissues, gunshot wounds of, 662 
Spasm, facial. See Facial spasm. 

Spasmodic torticollis, operative treatment in, 
533 

posterior root section in, 535 
resection of cervical nerves in, 534 
Spasticity and locomotor ataxia, 530 
Spasticity in muscles, temporary relief of, 
by intraspinal injection of local 
anesthetic, 530 
treatment of, 528 

by oxtraspinal operations, 529 
alcohol injection into nerves in, 529 
nerve resection in, 529 
by intraspinal operations, 530 
Foerster’s operation in, 530 
dangers and difficulties of, 533 
indications for, 533 
results of, 532 
technic of, 531 
Spengler’s tuberculins, 217 
Spica, plaster-of-Paris, for congenital dislo¬ 
cation of hip, 749 
application of, 749 
in bilateral cases, 750 
in unilateral cases, 750 
for hip, 712, 726 

application of, 712, 713 
Spiders, treatment of wounds due to, 687 
Spiller-Frazier method of sensory root di¬ 
vision of Gasserian ganglion, by 
antriculotcmporal route, for dis¬ 
turbances of fifth (trigeminal) 
cranial nerve, 578 
Spinal anesthesia, 64 
agents employed in, 67 
apparatus for, 66 
limitations of, 66 
physiology of, 65 
circulation in, 65 
respiration in, 65 
skin in, 66 
uterus in, 66 

preparation of anesthetic agent in, 66 
preparation of patient in, 68 
technic of, 68 

Spinal cord, aspiration in, during operation, 
237 

Spine, gunshot wounds of, 670 

lateral curvature of, plaster-of-Paris jacket 
for, 742 

tuberculosis of, plaster-of-Paris jacket for, 
742 

Spitz bullets, in modem warfare, 652 
Biedinger’s experiments with, 652-654 
wounds produced by, 653 
in Balkan war, 654, 658 
Spleen, diseases of, and operations, 192 
gunshot wounds of, 670 
Splints, moulded plaster, for fractures, 709 
application o^ 710 
preparation oi, 709 
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Sponges for dressing of wounds, 10 
Sprengel pump, 130 
Standardization of vaceiiios, 203 
Status lymphaticus, a contra-indication to op 
erations, 161, 192 
external appearances in, 161 
other characteristics of, 162 
Steam, live, in sterilization, 3 
Steam sterilizer, 22-25 
Sterilization, autoclave in, 22-25 
by germicidal agents, 3 
chemicals, 3 
alcohol, 4 

bichlorid of mercury, 4 
carbolic acid, 4 
formaldehyd gas, 5 
iodiii, 4 
iodoform, 4 

potassium permanganate, 4 
heat, 3 
boiling, 3 
cautery, 3 
hot air, 3 
live steam, 3 

by mechanical means in surgical tcclinic, 3 
fractional, in operative tcchuic, 3 
of dressings, 8 
cotton, 10 
gauze, 9 

of hands in surgical technic, 17 
of instruments, 15 
of rubber gloves, 18 

of skin of patient in surgical oiicrations, 
21 

of suture material, 25 
aluminum alloy, 8 
catgut, 6 

chromic method of, 7 
ciimol method of, 6 
iodin method of, 7 
kangaroo tendon, 8 
Pagensteclier's thread, 8 . 
silk, 8 

silkworm-gut, 8 
silver wire, 8 
of water, 25 
Sterilizer, for water, 25 
steam, 22-25 

Stewart’s clamp for isolating portion of lu¬ 
men of blood-vessel, 261 
Stock vaccines, 204, 205 
Stokes’ apparatus for transporting wounded 
from warships, 679 

shell wound dressing in naval warfare, 
673 

Stomach, aspiration in, during operation, 238 
diseases of, contra-indicating operations, 
188 

inoperable cancer of, radium therapy for, 
769 

washing of, preceding operation, cases re¬ 
quiring, 146 

Stovain for local anesthesia, 51 
for spinal anesthesia, 67 
Strychnin sulphate, hypodermic injections of, 
for shock, 677 

Subclavian artery, aneurysm of, 389 
medical treatment of, 389 


Subclavian artery, aneurysm of, operative 
troatment of, 389 
ligation in, 389 
ligation of, in continuity, 413 
anatomy of, 413 

operation in first portion of, 415 
results of, 416 

operation in third or second portion of, 
417 

results of, 418 
SulKiutaneous wounds, 682 
treatment of, 682 
Subdeltohl bursa, 632 
acute iiillammation of, 632 
treatment of, 632 
tuberculosis of, 632 
treatment of, 632 
Suction in operative surgery, 229 
contipuous, advantages of, 235 
ujiplication of, during operation, 236 
for production of liy]>eremin, 246 
in abdomen, 237, 238 
I in gall-bladder and ducts, 238 

in gimito-uriiiary tract, 238 
in liead, 236 

in intra-abilominal conditions, 238 
in mastoid region, 237 
in mouth and ]>harynx, 237 
in spinal cord, 237 
in stomach, 238 
in thorax, 237 
postoperative, 239 

apparatus for, 239, 240 
in alalomen, 244 
in head, 240 

in mouth and pharynx, 241 
in thorax, 241 

Kenyon’s method of, 242-244 
proiliicing of, 229 

care and cleaning of apparatus in, 232 
connections between suction pump and 
wound in, 232 
first use of pumps in, 232 
in private houses, 231 
pumps in, 229 
ejector, 230 
filter, 230 

mechanical, 229 i 

operated by fluid or vapor, 230 
tips or nozzles in, 232 
tloublo tube, 233 
. for mouth and pharynx, 235 
for use as retracbjrs, 235 
single tube, 232 
Sunburn, 700 

Supraorbital artery, ligation of, in conti¬ 
nuity, 413 
anatomy of, 413 
operation in, 413 

Suprarenal glands, diseases of, and opera¬ 
tions, 192 

Suprascapular nerve, injuries to, 556 
treatment of, 555 

Surgeon's dress in operations, 44-46 
Surgical anesthesia, 47 
general nature of, 47 
local, nature of, 47 

Surgical infection. See Infection, surgical. 



810 


INDEX 


Surgical shock in anesthesia, 140 
etiology of, 140 
treatment of, 141 

Surgical technic, aseptic. See Aseptic surgi¬ 
cal technic. 

Suture, • intrasaccuiar, in treatment of 
aneurysm of abdominal aorta, 
384 

.lateral parietal, plication of aorta by, in 
treatment of aneurysm of ab¬ 
dominal aorta, 385 
subcuticular, 34 
Suture material, 5 
aluminum alloys, 8 
catgut, 6 

preparation of, 6 

by chromic acid method, 7 
by cutnol method, 6 
by iodin method, 7 ^ 

kangaroo tendon, 8 
Michael’s clamps, 33 
Pagenstecher’s thread, 8 
silk, 8 

silkworm-gut, 8 
silver wire, 8 

Suture method of treatment for varicose 
veins, 324 

Sutures and tension, in plastic surgery, 452 
Suturing of arteries to restore circulation, 
259 

of veins to restore circulation, 287 
Syme’s method of restoration of lower lip in 
operation for epithelioma, 502 
Syphilis, aneurysm and, 173 
contra-indicating operations, 172 
surgical complications of, 173 
treatment in, 172 
of muscles, 620 
treatment of, 690 
Syphilitic myositis, diffuse, 621 
Syphilitic tenosynovitis of hand, 640 
Syringes, aspirating, 14 
hypodermic, 14 

Szymanowski’s operation for repair of de¬ 
fects of upper lip, 503, 504 

Tabetics, perforative appendicitis in, 173 
Tarantulas, treatment of wounds due to, 
687 

Taylor’s keyphotone, 744 

Teeth, proparAtioii of, preceding operation, 
144 

Tendon sheaths, diseases of, 639 
of hand, 634 

acute inflammation of, 639 
treatment of, 639 

acute suppurative inflammation of, 641 
operative treatment of, anesthetic in; 
643 

incisions in, 642 

site of original inoculation in, 641 
stages of, treatment of, 641 
anatomical considerations of, 634 
chronic inflammation of, 639 
plastic type of, 639 
treatment of, 639 
complications of, 642 
diseases of, 639 


Tendon sheaths, diseases of, of hand, gonococ¬ 
cal inflammation of, 640 
treatment of, 640 
suppurative diseases of, 637 
syphilis of, 640 
tuberculosis of, 640 
operative treatment of, 640, 641 
Tendons, 622 
dislocation of, 623 
treatment of, 623 
coneervative, 623 
operative, 623 
ganglion in, 629 

clinical nature of, 629 
treatment of, 629 
non-operative, 629 
operative, 630 
gunshot wounds of, 662 
treatment of, 662 
injuries to, 622 
subcutaneous, 622 
lengthening of, by tenotomy, 627 
rupture of, 623 
treatment of, 623 
shortening of, 628 
structure of, 622 

tenotomy for lengthening of, 627 
thickening and nodulation of, 628 
treatment of, 628 
transplantation of, 626 

foreign substances used in, 627 
wounds of, 623 
nature of, 623 
treatment of, 624 

after-care following suture in, 626 
primary suture in, 624 
secondary suture in, 626 
Tenosynovitis, chronic, 639 
plastic type of, 639 
treatment of, 639 
crepitans, 639 
of hand, acute, 639 
treatment of, 639 
gonorrheal, 640 
treatment of, 640 
syphilitic, 640 
tuberculous, 640 

operative treatment of, 640, 641 
Tenotomy, 627 

for lengthening of tendons, 627 
Testes, gunshot wounds of, 671 
Tetanus, causes of, 173- 
treatment of, 173 

prophylactic use of antitoxin in, 213 
administration of, 214 
treatment of, 693 

by tetanus antitoxin injections, 693 
intracerebral, 694 
intraneural, 694 

intraspinal and intravenous, 693 
carbolic acid in, 694 
chloretone in, 694 
local, for suspicious wounds, 695 
magnesium sulphate by subdural injec¬ 
tions in, 694 

Tetanus antitoxin, in powdered form, for 
tetanus wounds, 695 
in treatment of tetanus, 693 
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Tetanus antitoxin, in treatment of tetanus, 
by intracerebral iuiections, CIU 
by intraiieural injections, l!!M 
by iiitraspiual ami intraveiiuiis in lec¬ 
tions, (i!);! 

prophylactic use of, against tetanus, L’l.’l 
administration of, i;j I 

Theater, operating. See Operating theater, 
thoracic aneurysm, 379 
free fascial transplants in, 385 
ligature of thoracic aorta in treatment of, 
382 

plication by lateral parietal suture in, 385 
strips of aorta used in, 385 
wiring with electrolysis tor saccular form 
of, 380 

complications in, 381 
results of, 381 

Thorax, aspiration in, during operation, 237 
postofierutive use of, 241 
Kenyon’s method of, 212-244 
gunshot wounds of, COO 
Throat, preparation of, pri'ccding operation, 
144 

Thrombi, venous, operations to prevent infec¬ 
tion from, 320 

Thrombo-arteritis, arferiovtuious anastomosis 
lor removal of obstruction in, 
275. Sec under Arteries. 
Thrombosis, in arteries, arterial section in, 
283, 285 

Thumb, dislocation of, 755 
reduction of, 755 

Tliymol ill skin sterilization for operations, 
150 

Thymus, diseases of, and operations, 192 
Thyroid, diseases of, and operation, 192 
Thyroidectomy, infiltration ane.stliesia for, 
56 

Tibia, fractures of, plaster-of-i’aris dressings 
for, 730 

Tibia and fibula, fractures of, 730 
plaster-of-I’aris dressings in cases of, with 
dilliciilty in retaining of frag¬ 
ments in position, 737 
with swelling and displacement, 736 
without dis])laccnient, 736 
Tibial artery, anterior, ligation of, in con¬ 
tinuity, 445 
anatomy of, 445 
operation in, 446 
in lower third, 447 
in upper tliinl, 446 

posterior, ligation of, in continuity, 443 
anatomy of, 443 
operation in, 444 

behind the mcili.al malleolus, 444 
in middle of leg, 444 

Tie doloureiix, intracranial operation on Gas¬ 
serian ganglion of fifth cranial 
nerve for, 574 
advantages of, 582 
anatomical considerations in, 575 
indications for, 575 
results of, 583 
technic of, 576 

posterior root section by infratemporal 
route in (Cushing method), 580 


Tic doloureiix,intracranial operation on Goa- 
seriaii ganglion of fifth cranial 
nerve for, ti'chiiic of, sensory 
root division by iiuriciilotem- 
poral route in (Hpiller-Frazior 
method), 578 
care of eyes in, 579 

Ticks, bites of, Ireatiiient of wounds duo to, 
686 

Tinnitus auriuin, treatment of, by operation 
on eighth cranial nerve, 600 
Tissues, trail Ilia to, in operations, 31 
Toes, infiltration anesthesia for operations 
on, 6(1 

Tcngiie, cancer of, radium therapy for, 767 
Tonsil, cancer of, radium therapy for, 767 
diseases of, a contra-indication to opera¬ 
tions, 187 

inoji^rnble sarcoma of, radium therapy for, 
769 

[ Torrey’s antigonococcie serum, 210 
Torsion to check bleeding in veins, 286 
Torticollis, spiismodic, oiierativo treatment of, 
533 ' 

posterior root section in, 535 
resection of ci'rvicnl ni'rves in, 534 
Toiirniipiet to chock bleeding in arteries, 256 
elastic, 256 

massage and elevation in use of, 250, 257 
]meumatic constrictor us, 257 
Toxin molecule in side cliaiii theory, 198 
Toxin-antitoxin cum|iuiind, 200 
chemical nature of, 200 
effect of heat on, 200 
Toxins, bacterial, extracellular, 199 
intracellular, 199 
immunity to, 199 
Toxoid, definition of, 200 
Trachea and larynx, gunshot wounds of, 669 
1 raclieal obstruction to respiration in anes¬ 
thesia, 136 

Tracheotomy, infiltration anesthesia for, 00 
'1 ranstiisiun of blood. Sue lllood truiisfusion. 
for immunization, 225 

Transplantations, nerve, in nervo bridging, 540 
of arteries, 285 
of tendons, 026 

foreign substances used in, 627 
of veins for drain.-igo of cavities, etc., 295 
to^ris^stablish circulation, 291 
materials in, -291 
methods in, 291 
operative technic in, 293 
results in, 293-295 
in animals, 295 

Trendelenburg method of excision for vari¬ 
cose veins, 321 

Trendelenburg position in operations, 41, 42, 
44 

Trichiniasis, 621 
etiology of, 621 
symptoms of, 621 
treatment of, 621 

Trigeminal nerve. See Cranial nerves, dis¬ 
turbances of, fifth. 

Trigger finger, 628 
Tropacocain in local anesthesia, 51 
in spinal anesthesia, 67 
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Tropical diseases, a contra-indication to op¬ 
eration, 193 

Trowel retractor of Child, 37 
Tubercle, anatomical, treatment of, 696 
Tubercula dolorosa, 563 
Tuberculin. See Tuberculin therapy, 
diagnostic use of, 221 
Calmette’s conjunctival reaction in, 221 
Moro test in, 221 
von Pirquet’s reaction in, 221 
Tuberculin therapy, 215 
experimental observations in, 217 
method of treatment in, 219, 220 
preparation of tuberculins for use in, 219 
dosage in, 218 
results of, 220 
site of injection in, 220 
tuberculin reaction in, 217, 218 
varieties of tuberculin in, 215 , 

Beraneck’s tuberculin, 216 
Denys’ bouillon filtrate (B. P.), 216 
Jochmann’s tuberculins, 216 
Koch’s bacillen-emulsion (B. E.), 215 
Koch’s old tuberculin (O. 'P.), 216 
Koch’s tuberculin residue CT. K.) or 
new tuberculin, 216 
Landmann’s tuberculol, 217 
von Buck’s tuberculin, 216 
Spengler’s tuberculins, 217 
Tuberculosis, a contra-indication to opera¬ 
tions, 186 

anesthetic to be used in operations in, 186, 
187 

of bursffi, 632 
of muscles, 619 
treatment of, 619 

Beck’s bismuth subnitrate and vasclin 
injection in, 620 
operative, 620 
varieties of, 619 

of spine, plaster-of-Paria Jacket for, 742 
treatment of wounds duo to, OOfi 
Tuberculous glands, radium therapy of, 770 
Tuberculous nodules, radium therapy of, 770 
Tuberculous sinuses, radium therapy for, 770 
Tuberculous tenosynovitis of liand, 040 
operative treatment of, 610, 011 
Tuberculous ulcers,- ra<lium therapy for, 770 
Tubulization in nerve bridging, 541 
’Pumors of muscles, 622 
of nerves. See Neuromata. 

Typhoid fever, a contra-indication to opera¬ 
tions, 152 

surgical compiic.ations of, 152-154 
acute abdominal conditions, 153 
perforation, 15.3 
typhoid gangrene, 153, 154 
prophylactic v.accination against, 214 
reaction in, 215 
vaccine therapy of, 215 
Typhoid gangrene, 153, 154 
Typhoid perforiition, 153 
Typhus fever, surgical complications of, 154 

•Ulcerations, chronic, radium therapy for, 771 
Ulna, fracture of shaft of, 723 
moulded plaster splints for, 723 
reduction of, 723 


Ulnar and median nerves, injuries affecting, 
559 

Ulna and radius, fracture of, 722 
moulded plaster splints for, 723 
reduction of, 722 

Ulnar artery, ligation of, in continuity, 428 
anatomy of, 428 
operation in, 429 
in hand, 430 

in Juncture of upper and middle thirds, 
429 

in lower third, 429 
in wrist, 429 

Ulnar nerve, injuries to, 557 
at elbow, 558 
etiology of, 558 
symptoms of, 558 
treatment of, 558 
just above wrist, 557 
treatment of, 558 

Unger’s clamps for use in transplantation of 
veins, 292, 293 

United States cavalry automatic pistol, effect 
of, 654 

Upper extremities, edema of, Handley’s op¬ 
eration for establishing artificial 
channels for lymph drainage in, 
.332 

infected wounds in joints of, treatment of, 
666 

Uranoplasty. See Cleft palate, operations 
for. 

Uremia, contra-indication to operation, 192 

Urethra, gunshot wounds of, 671 

Urinary bladder, gunshot wounds of, 670 

Uterus, inoperable cancer of, radium therapy 
for, 768 

Vaccination, dosage in, 203 
interval between doses in, 204 
proj)hylactic, against bubonic plague, 212 
against cholera, 206 
against typhoicl fever, 214 
reiiction in, 215 
in cerebrospinal meningitis, 211 
preceding o{)eration, 204 
treatment of wounds due to, 688 

Vaccine therapy in acne, 205 
in ailenitis, 210 
in angina, 210 
in anthrax, in .animals, 206 
in arthritis, 206 

in Bacillus aerogenes capsulatus infection, 
206 

in bubonic plague, 212 
in carbuncle, 205 
in cerebrospinal meningitis, 211 
in chronic furunculosis, 205 
in colon bacillus infections, 206 
in diphtheria carriers, 207 
in dysentery, 207 
in erysipelas, 208 
in glanders, 208 
in gonococcal infections, 212 
in gonorrhea, 209 
in Hodgkin’s disease, 210 
in influenza, 210 
in localized infections, 210 
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Vaccine therapy in osteomyelitis, 210 
in otitis media, 210 
in pneuiiiococcus infections, 212 
in pyorrhea aheolaris, 211 
in rabies, 212 

in rheumatic fever, acute, 213 
in scarlet fever, 213 

in treatment of wounds in blood infections, 
C92 

in typhoid fever, 215 
Vaccines, 201 
autogenous, 204, 205 

use of, in ninj)ut:itions through infected 
tissues, 004 
dosage of, 203, 204 
interval between doses of, 204 
mixed, 205 
polyvalent, 205 
preparation of, 201 

estimating number of bacteri.-i in, 202 
growing of cultures in, 201, 202 
steriliziition ot, “fractional," 202 
prophylactic administration of, jireceding 
operation, 204 
sensitized, 204 
stajidardization of, 203 
stock, 204, 205 

Vagina, sterilization of, in prej)aration for 
operations, 150 

Varicella, a contra-imlication to operation, 151 
surgical complic.ations of, 151 
Varicose aneurysm in gunshot wouiuls of 
neck, fiOO 

Varicose veins, oi)erations on veins to remove 
cause of circulatory disturbance 
due to, 320 

choice of method in, 325 
excision in, 320 

Babcock's method of, 323 
circular, 323 

inversion method of, 322 
Mayo’s method of, 321 
spiral, 323 

Trendelenburg’s method of, 321 
incision in, 323 
results of, 326 
suture method in, 324 
Cocnen’s method of, 324 
Delbet’s technic of, 324 
Hesse and Schaak’s technic of, 324 
.Teger’s technic of, 324 
Vein, use of, in nerve bridging, 541 
Veins, operations on, 2H5 
anatomical considerations in, 285 
for drainage of cavities, etc., 295 
transplantation of veins in, 295 
to alter blood or circulation for stimula¬ 
tion or medication, 295 
blood transfusion in, 299 
choice of methods in, 316 
contra-indications to, 300 
dangers of, 318 

agglutination in, 318 
air embolism in, 319 
alteration of gaseous tension of 
blood in, 319 
blood embolism in, 319 
dilatation of heart, acute, in, 310 


Veins, operations on, to alter blood or circula¬ 
tion for stimulation or medica¬ 
tion, blood transfusion in, dan¬ 
gers of, hemolysis in, 318 
traiisiuissioii of disease in, 318 
detibriuated blood used in. 341 
direct transfusion in, 303 
ni'tery-to-vein imdliod of, 303 
ilernheim's tub*> in, 306 
Brewer’s tubes in, 30S 
Carrel’s suturo in, 308 
Crile’s cannula in, 303 
Klsberg’s cannula in, 305 
vein-to-vein method of, 309 
h'auutleroy's tubes in, 309 
general nmnagenient of, 300 

amount of l)loud to be. transfused in, 
303 

• controlling of inflow of blood in, 301 
ti'sting blood of donor and recipient 
in, 300 

history of, 337 

ajtparatus used in, early, 337 
biter, 339 
recent, ,340 

syringe methods of recent times in, 
340 

indications for, 29if 
indirect transfusion in, 310 

(,'urtis and David method of, 310 
C’ooJi'y and Vaughan’s method of, 
312 

Kirnpton’s method of, 312 
IJndeman’s niidhod of, 312-315 
Mcdr.'ith’s method of, 315 
iSatterlee and Hooker’s method of, 
316, 337 

oi»eration with hirudin-coated 
pipets in, 353 

preparation of pipets with 
hirudin coating in, 354 
operation with paraffin-coated 
pipet in, 345 
apparatus in, 346 
instruments in, 345 
[iroparation of pijicts with par- 
aflin coating in, 352 
technic of, 347 

theoretical considerations and 
principles underlying, 342 
instruments for, 300 
•paraffin methoils in, 342 
intr.avenous infusion in, 296 
amount of fluid in, 297 
contra-indications for, 298 
indications for, 297 
method of, 298 
pressure of fluid in, 297 
solutions in, 296 
temperature of fluid in, 297 
time of infusion in, 297 
intravenous injection in, 295, 319 
technic of, 296 
venesection, 319 
to check bleeding, 286 

bandages and compresses in, 28Q 
cautery in, 286 
digital pressure in, 286 
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VeinB, operations on, to check bleeding, forci- 
pressure in, 286 
gauze packing in, 286 
Ugation in, 286 
postural compression in, 286 
torsion in, 286 

to prevent embolic infection, 326 
to restore or reestablish circulation, 286 
lateral ligation in, 286 
suturing of veins in, 287 
transplantation of veins in, 291 
materials for, 291 
methods in, 291 
operative technic in, 293 
results in, 293-295 
in animals, 295 
venous anastomosis in, 288 
end-to-end, 288 

operative technic in, 288 • 

results in, 289 

in veins of animals, 289 ,, 

end-to-side, 289 
side-to-side, 290 

to remove cause of circulatory disturbance 
due to varicose veins, 320 
choice of method in, 325 
excision in, 320 

Babcock’s method of, 323 
inversion method of, 322 
Mayo’s method of, 321 
Trendelenburg’s method of, 321 
Foster’s method of, 323 
incision in, 323 
circular, 323 
spiral, 323 
results of, 326 
suture method in, 324 
Coenen’s method of, 324 
Delbet’s technic of, 324 
Hesse and Schaak’s technic of, 324 
Jeger’s technic of, 324 
Venesection, 319 

VertebrsB, fractures • of, plaster-of-Paris 
jacket for, 742 

Vertebral artery, ligation of, in continuity, 
418 

anatomy of, 418 
operation in, 419 
results of operation in, 419 
Viscera, inoperable cancer of or near, radium 
therapy for, 769 

Volkmann’s ischemic contracture of muscles 
of arm and leg, 616 
caitses of, 616 
results of, 616 
treatment of, 616-618 
Volkmann’s ischemic paralysis, 559 
Volkmann sliding rest in fractures of shaft 
of femur, 731, 732 
Vomiting in anesthesia, 137 
Vulvovaginitis in children, vaccine therapy 
of, 209 

Warfare, gunshot wounds in. 'See -imder 
Gunshot wounds. 

Warts, radium therapy of, 764 
Wasps, stings of, treatment of wounds due 
to, 686 


Wassermann reaction, principles of, 119, 222, 
223 

Water, sterilization of, 25 

Weigert’s theory to explain hyperplasia, 
197 

Whitman’s method of reduction and reten¬ 
tion in fractures of neck of fe¬ 
mur, 729 

in cases with impaction, 729 
in cases without impaction, 729-731 

Whooping-cough, a contra-indication to op¬ 
erations, 157 

Wieting’s method of end-to-side arteriovenous 
anastomosis, 276 

Wiring in treatment of aneurysm, 369. See 
also Aneurysm. 

Wiring with electrolysis in aneurysm of ab¬ 
dominal aorta, 384 
in innominate aneurysm, 386 
in saccular thoracic aneurysm, 380 
complications in, 381 
results of, 381 

Wolf free graft implantation method for 
restoration of eyelid, 520 
method of skin-grafting, 522 

Woodbury’s method of skin-grafting, 522 

Wounds, classification of, 681 ' 
closure of, technic of, 32 
sutures in, 32 
subcuticular suture in, 33 
contused and lacerated, 685 
treatment of, 685 
duo to burns. See Burns, 
gunshot. See Gunshot wounds, 
of tendons. See Tendons, wounds of. 
open, 683 

abrasions, 683 

contusions and lacerations, 685 
incised wounds, 683 
linear, 683 
punctured, 684 
poisoned and infected, 686 
due to bacterial invasion, 689 
in actinomycosis, 696 
in anthrax, 695 
in blastomycosis, 697 
in blood infections, 691 
ge 4 eral treatment in, 691 
local treatment in, 691 
preventive measures in, 691 
specific treatment in, 691 
in cellulitis, 690 
in diphtheria, 695 
in erysipelas, 690 

in gaseous or emphysematous cellu¬ 
litis, 690 ■ 
in glanders, 696 

in infections by specific micro-or- 
■ ganisms, 693 
in lymphadenitis, 690 
in lymphangitis, 689 
.in madura foot, 697 
in putrefactive infections, 692 
ih pyogenic infections, 689 
in syphilis, 696 
in tetanus, 693 

carbolic acid treatment in, 694 
chloretone in, 694 
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Wounds, open, poisoned and infected, due to 
bacterial invasion in tetanus, 
local treatment of suspicious 
wounds in, OSto 

magnesium sulphate l.j- subdural 
injections in, 694 
tetanus antitoxin injections in 
693 ’ 

intracerebral, 694 
intraneural, 094 

intraspinal and intravenous, 693 
in tuborculosis, 696 
non bacterial, 686 

due to bites of mosquitoes, Hies, 
ticks, bedbugs, etc., 686 
due to definite chemical poison, 686 
due to poisoned weapons, 688 
duo to snake bites, 687 
constitutional treatment, 687 
local measures, 687 
due to spiders, tarantulas, centipedes 
and scorpions, 687 
due to stings of bees, wasps and 
hornets, 686 

due to specific virus, 688 
due to hydrophobia, 68S 
due to vaccination, 688 
subcut.aneous, 682 
treatment of, 682 


Wright s method of standardization of vac¬ 
cines, 203 

Wrist, ilislocations at, Tf)? 
of carpal bones, 7r)8 

in mediocarpal Joint, 7.'i8 
of semilunar bone, 7.'>8 
of car])omet,-icarpHl Joints, 758 
of lower radio-ulnar joint, 757 
backward, 757 
forward, 757 

of radiocarpal Joint, 757 * 
backward, 757 
forward, 757 

Wrist drop in mnsr-ulospiral paralysis, 666 

Wry neck, spasmodic, 5:i.'! 
operative treatment of, 533 
posterior root section in, 535 
resection of cervical nerves in, 534 
• 

X-ray, use of, in locating bullet in gunshot 
wounds in warfare, 655 

X-ray burns, 700 

X-r.ay keratoses and ulcerations, radium 
thera|>y for, 764 

V. Ziemssen’s method of blood transfusion, 
310 

Zinc oxid adhesive plaster, 12 
for holding wound dressings, 600 
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